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5 HETEROCYCLIC BING^USEP PYRIMIDINE D ERIVATIVES 

Backar und of the Invention 
This Invention relates to heterocyclic ring^used pyrimidine derivatives and 
methods of using the same in the treatment of hyperprolrferative diseases, such as 
cancers and acnes, in mammals. 
10 Many of the current treatment regimes for cancer utilize compounds which 

inhibit DNA synthesis. Such compounds are toxic to cells generally but their toxic effect 
on the rapidly dividing tumor cells can be beneficial. Alternative approaches to anti- 
cancer agents which act by mechanisms other than the inhibition of DNA synthesis 
have been explored in order to enhance the selectivity of action against cancer cells. 
15 It is known that a cell may become cancerous by virtue of the transformation of 

a portion of its DNA into an oncogene (i.e. a gene which, on activation, leads to the 
formation of malignant tumor cells). Many oncogenes encode proteins which are 
aberrant tyrosine kinases capable of causing cell transformation. Alternatively, the 
overexpresslon of a normal proto-oncogenlc tyrosine kinase may also result in 
20 proliferative disorders, sometimes resulting in a malignant phenotype. 

Receptor tyrosine kinases are large enzymes which span the cell membrane and 
possess an extracellular binding domain for growth factors such as epidermal growth 
factor, a transmembrane domain, and an intracellular portion which functions as a 
kinase to phosphorylate specific tyrosine residues in proteins and hence to influence 
25 cell proliferation, ft is known that such kinases are frequently aberrantly expressed in 
common human cancers such as breast cancer, gastrointestinal cancer such as colon, 
rectal or stomach cancer, leukemia, and ovarian, bronchial or pancreatic cancer, it has 
also been shown that epidermal growth factor receptor (EGFR) which possesses 
tyrosine kinase activity is mutated and/or overexpressed in many human cancers such 
30 as brain, lung, squamous cell, bladder, gastric, breast, head and neck, oesophageal, 
gynecological and thyroid tumors. 

Accordingly, it has been recognized that inhibitors of receptor tyrosine kinases 
are useful as a selective inhibitors of the growth of mammalian cancer cells. For 
example, erbstatin, a tyrosine kinase inhibitor selectively attenuates the growth in 
35 athymic nude mice of a transplanted human mammary carcinoma which expresses 
pidermal growth factor r c ptor tyrosine kinase (EGFR) but is without fleet on the 
growth of another carcinoma which does not express the EGF receptor. 
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• Yet anoth r asp ct of the invention provides a compound as described above 
wherein Y in the dir ction sh wn by the arrow In formula I, is s lected from -CR^CR*- 
NR 4 -, -Ntf-CR^CR 8 - and -CH-Ctf-N-CH-. 

According to another aspect of the Invention there is provided a compound as 
5 described above wherein Y, in the direction shown by the arrow in formula I, is selected 
from -Ntf-CR^CR 3 -. or -CH=CR 3 -N=CH- and -CR^CR'-NR 4 -. 

Yet another aspect of the invention provides a compound as described above 
wherein Y, in the direction shown by the arrow in formula I, is -CR S =CR 3 -NR*- and R* 
is hydrogen. 

10 Another aspect of the invention provides a compound as described above 

wherein R'R l N is 




and R s , R 8 , m and n are as defined above. 

According to another aspect of the invention there is provided a compound as 

20 described above wherein each R 8 is Independently selected from 4-hydroxy, 4-amino, 
5-fluoro, 5-hydroxy, 5-amino, 6-halo, 6-methyl, 6-ethenyl, 6-ethynyl, 6-nitro and 7-methyl 
and each R e is independently selected from hydroxy, amino, N-mono- or N,N-di-(C r 
CJalkylamino, sulfo, or (C,-C 4 )alkoxy (provided that such groups are not attached to 
a ring carbon which is directly adjacent to the ring N-), or R* for each occurrence is 

25 independently carboxy, hydroxy(C,-C 4 )alkyl, (^-CJalkoxy^-C^alkyl, amlno(C,- 
CJalkyl, mono-N- or di-N.N^C^CJalkylaminotC^^alkyl, morpholino (C^-CJalkyl. 4- 
(C 1 -C 4 )alkyl-piperazin-1-yl(C,-C 4 )alkyl, carboxy(C,-C 4 )alkyl, (C,-C 4 )alkoxycarbonyl, 
sulfo(C,-C 4 )alkyl. pyridyl(C,-C 4 )alkyl and (C,-C 4 )alkyl. 

Another aspect of the invention provides a compound as described above 

30 wherein R 1 is H and R 2 is (R 5 ) m -substituted phenyl wherein R 5 and m are as defined 
above. 

Y t another aspect f the invention provides a compound as described above 
wh r in each R 8 is independently selected from 4-flu ro-3-chloro, 3-trifluor m thyl, 4- 
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behzoylamlno, trfflu romethylcaibonylamino, (0,-CJalkanoyldmino, (0,-CJaIkanoyl, N- 
mono- or N l N-dl-(C 1 -C 4 )alkylamin , (C r C 4 )alkylsulfonylamino, 
trifluoromethylsulfonylamino, (C r C 4 )alkytthio, (C^Jalkylsulfinylor^^Jalkylsulfonyl, 
pyrroI-1-yl, piperidin-1-yl or pyrrolidin-1-yl, said phenyl, benzyloxy, phenoxy and 

5 benzoylamino optionally mono-substituted with halo, nitro, trifluoromethyl, hydroxy or 
(Cj-CJalkyl and said (C,-C 4 )aIkylenedioxy is linked at both ends to adjacent carbons 
on the benzene moiety; 

each R e is independently selected from hydroxy, amino, N-mono- or N,N-di-(C r 
CJalkylamino, sulfo, or (C,-C 4 )alkoxy (provided that such groups are not attached to 

10 a ring carbon which is directly adjacent to the ring N-), or R fl for each occurrence is 
independently carboxy, hydroxy^ -C 4 )alkyl, (C^Jalkoxy^-CJalkyl, amino(C r 
C 4 )alkyl, mono-N- or di-N,N-(C 1 -C 4 )alkylamino(C r C 4 )alkyl, morphoiino (C r C 4 )alkyi, 4- 
(C r C 4 )alkyl-piperazin-1-yl(C r C 4 )alkyl, carboxy(C 1 -C 4 )alkyl, (C^-CJalkoxycarbonyl, 
sutfo(C r C 4 )alkyl, pyridyl(C r C 4 )alkyl or (C,-C 4 )alkyl; 

15 m is an integer from 1 to 3; 

n is 0, 1 or 2; 

p is 0 or an integer from 1-3; 

with the proviso that when Y, in the direction shown by the arrow in formula I, 
is -CR 3 =N-CR 3 =CR 3 -, p = 0, m = 1 and Z is substituted phenyl then R 5 is not 4- 

20 ethoxy, 4-methoxy, 4-trifluoromethoxy, 4-t-butyl or 4-isopropyl; 

Q is a 9- or 10-membered bicyclic heteroaryl cyclic moiety, or a hydrogenated 
derivative thereof, containing one or two nitrogen heteroatoms and optionally containing 
a further heteroatom selected from nitrogen, oxygen and sulphur, or Q is a 9- or 10- 
membered bicyclic aryl moiety, or a hydrogenated derivative thereof , which heterocyclic 

25 or aryl moiety, or hydrogenated derivatives thereof, may optionally bear one or two 
substituents selected from halogeno, hydroxy, oxo, amino, nitro, carbamoyl, (C,- 
CJalkyl, (0,-CJalkoxy, (C,-C 4 )alkylamino, di-[(C r C 4 )alkyllamino, and (C 2 - 
C 4 )alkanoylamino; with the proviso that when Y, in the direction shown by the arrow in 
formula l f is -NR 4 -CR 3 =CR 3 -, R 3 = CH 3 and R 4 =H, then R 5 is not 4-CH 3t 3,5-(CH 3 ) 3 , 2,6- 

30 (CH 3 )j ( 2-C 2 H 5 , 4-C 2 H 6l 4-n-C 4 H g , 2-CI, 4-CI, 3,4-CI 2 , 2-F, or 3-CF 3 . 

According to another aspect of the invention there is provided a compound as 
described above wherein Y, in the directi n shown by the arrow in formula I, is sel cted 
from -N=CR 3 -NR\ -CR 3 =CR 3 -NR\ -NR 4 -CR 3 =CR\ -N=N-NR\ -NR 4 -N=N- t -CR 3 =N- 
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phfcnyKCVCJalkoxy, carboxymethoxy, (CVC 4 )alkoxycarbonylmethoxy, 
carbamoylmeth xy, mono-N or dl-N,N-<C,-C 4 )aIkyl carbamoylmethoxy, m no-N- or di- 
N,N-(hydroxy(C 2 -C 4 )alkyl)carboxamido, mono-N- or di-N.N-KC^-CJalkoxy (C 2 - 
C 4 )alkyl)carboxamido or bis((C,-C 4 )aIkajiesutfonyl)amldo; or 
5 c. (C 2 -C 4 )alkoxy, (C 2 -C 4 )alkytthio, (C 2 -C 4 )alkanoyloxy, (C 2 -C 4 )alkylamino, (C,- 

C 4 )alkyl(C,-C 4 )alkylenedioxy, (C 2 -C 4 )aIkanoylamino, (C 2 -C 4 )alkenyl, or (C 2 -C 4 )alkynyl; 
each such group substituted with amino, halo, hydroxy, (C 2 -C 4 )alkanoyloxy, (C,- 
C 4 )alkoxy, mono-N- or di-N.N-^-CJalkylamino, mono-N or di-N,N-(hydroxy(C 2 - 
C 4 )alkyl)amlno. mono-N or di-N,N-((C,-C 4 )alkoxy(C 2 -C 4 )alkyl)amlno, (C,- 
10 C 4 )alkanoylamlno, phenoxy, anilino, ImidazoH-yl, phenylthio, piperidino, pyridyl, 
carboxyCCVCJalkylthlofC.-CJalkoxy, morpholino, piperazin-1-yl-, 4-(C r 
C 4 )alkylpiperazin-1-yl-, carboxy, (C,-C 4 )alkoxycarbonyl, carbamoyl, mono-N- or di-N,N- 
(C 1 -C 4 )alkylcarbamoyl, carboxamido, mono-N- or di-N,N-(C,-C 4 )alkylcarboxamido or 
mono-N- or dl-N,N-(hydroxy(C 2 -C 4 )alkyl)carboxamldo; and any phenyl in an R 3 
15 substituent is optionally mono- or di- substituted with halo, nltro, trifluoromethyl, 
hydroxy, (C^-CJalkoxy, (C,-C 4 )alkyl, amino, mono-N-alkylamino, or N,N-dialkylamlno; 

R 4 is attached to a N-atom in Y and is Independently selected from: 
hydrogen, (C^CJalkyl, (C,-C 4 )alkoxycarbonyl, (C^CJalkanoyl, (C,-C 4 )alkylsuHonyl, 
arylsulfonyl, allyl; or a (C 2 -C 4 )alkyl, (C 2 -C 4 )alkanoyl, or (C 2 -C 4 )alkoxycarbonyI, (C 2 - 
20 C 4 )alkylsulfonyl, each such group substituted with amino, halo, hydroxy, (C 2 - 
C 4 )alkanoyloxy, (C^^alkoxy, mono-N- or di-N.N-^-CJalkylamino, mono-N or di-N,N- 
(hydroxy(C 2 -C 4 )alkyl)amino, mono-N or di-N,N-((C,-C 4 )alkoxy(C 2 -C 4 )all<yl)amino^ (C,- 
C 4 )alkanoylamino, phenoxy, anilino, imidazoM-yl, phenylthio, piperidino, morpholino, 
piperazin-1 -yl-, ^(^-CJalkylpiperazin-l-yl-, phenyl, pyridyl, pyrrolo, imldazolo.thiazolo, 
25 benzimidazolo, pyridonyl, carboxy, (C,-C 4 )alkoxycarbonyl, carbamoyl, mono-N- or di- 
N.N-^-CJalkylcarbamoyl, carboxamido, mono-N- or d^,N-(C,-C 4 )alkylcarboxamido 
or mono-N- or di-N,N-(hydroxy(C 2 -C 4 )alkyl)carboxamldo; and any phenyl in an R 4 
substituent is optionally mono- or di- substituted with halo, nltro, trifluoromethyl, 
hydroxy. (C,-C 4 )alkoxy, (C,-C 4 )alkyl, amino, mono-N-alkylamino, or N.N-dialkylamlno; 
30 but specifically R* is not furanosyl, pyranosyl, or cyclopentyl; 

each R 5 Is independently selected from mono-, di- or tri-fluoromethyl, halo, nitro, 
hydroxy, amino, azido, Isothiocyano, (C,-C 4 )alkyl. phenyl, thienyl, (C,-C 4 )alkoxy, 
benzyloxy, phenoxy, (C 2 -C 8 )alkenyl. (C 2 -C e )alkynyl. (C,-C 4 )alkylenedioxy, cyano. 
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(57) Abstract 

A compound of formula (I) and stereoisomers, pharmaceutically acceptable 
salts and prodrugs thereof, wherein Z and Y are as defined below. Compounds 
of formula (I) are useful in the treatment of hyperproliferative diseases, such as 
cancers and acnes, in mammals. 
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- 4^67-dimethyl-2,3-dihydro-lndoM-yl)-pyridol3,4-d]pynmldin hydrochloride; 
(3-ethynyl-phenyl)-pyridol3,4<l]pyrimidin-4-yl-amine hydrochloride; 
benzo[b]thiophen-5-yl-pyrido[3,4-d]pyrimidin-4-yl-amlne hydrochloride; 
(3-ethynyl-phenyl)-(6-methyl-pyrido [3,4-d]pyrimldin-4-yl)-amine hydrochloride; 
5 4-(6-chloro-2,3-dlhydro-lndol-1-yl)-6-methyl-pyrido[3,4-d]pyrimldine; 
(3^hynyl-phenyl)-(5-mewylsulfejiyl-7H-p^ 

(1 H-lndol-5-yl)-(6-methyl-pyrido[3,4^]pyrimldln-4-yl)-amine methanesulfonate. 
Most preferred compounds of the formula I as described above are selected 

from 

1 0 (1 H-lndol-5-yl)-(6-methyl-pyridoI3,4-d]pyrimldin-4-yl)-amine; 

(S-ethynyl-phenylJ-tS-methyl-pyridoIS.A-dlpyrimidin-^ylJ-amlne; 

(3-ethynyl-phenyl)-(7H-pyrrolo[2,3-d]pyrimldln-4-yl)-amine; 

(3^hloro-phenyl)-(7H-pyrrolol2,3-d]pyrimldin-4-yl)-amine; 

(3-ethynyl-phenyl)-(5-methyl-7H-pyrroloI2,3<l]pyrimldln-4-yl)- amine; 
1 5 4-(3-emynyl-phenylamino)-7H-pynolo[2,3-dlpyrimidine-5-carboxylic acid methyl 

ester; 

4-(3-«thynyl-phenylamino)-7H-pyrrolo 
(1H-indol-6-yl)-pyrido[3,4-cllpyrimidin-4-yl-amine; 
(3-chloro^fluoro-phenyl)-(6-methyl-pyrido[3,4-d]pyrimidiri-4-yl)- amine; 
20 benzofblmiophen-S-yl-te-methyl-pyridop.+^llpyrimidin-^ylJ-amine; 
(3-ethynyl-phenyl)-pyrido[3,4-dlpyrimldin-4-yl-amine; 
(4-fluoro-3-methyl-phenyl)-(6-methyl-pyrido[3,4-d]pyrimidin-4-yl)- amine; 
4-(6-chloro-2,3-dihydro-indol-1-yl)-pyridoI3,4-d]pyrimidine; 
pyrido[3,4-d]pyrimidin-4-yl-m-tolyl-amine; 
25 (6-methyl-pyrido[3,4-d]pyrimidin-4-yl)-(3-trifluoromethyl-phenyl)- amine; 

(IH-indazol-S-ylHS-niethyl-pyridop.^lpyrimidin-a-ylJ-amine; 
(3-ethynyl-phenyl)-(5-methylsulfanyl-7H-pynoloI2,3-d]pyrimidin-4-yl)-amine; 
(1 H-indol-5-yl)-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-amine; 
(5-bromo-7H-pyrroloI2,3-d)pyrimidin-4-yl)-(3-ethynyl-phenyl)-amine; 
30 The invention also provides a compound of the formula 
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wherein W, in the direction indicated by the arrows, is selected from -CH 2 =C(CH 3 )- 
N=CH 2 -, -CH 2 =N-C(CH 3 )=CH 2 - and =C(CH 3 )-NH-CH=. 

According to another aspect of the invention there is provided a compound as 
10 described above wherein W is -CH 2 ==C(CH 3 )-N=CH 2 -. 

Another aspect of the invention provides a compound as described above 
wherein W is -CH 2 =N-C(CH 3 )=CH 2 -. 

Yet another aspect of the invention provides a compound as described above 
wherein W is =C(CH 3 )-NH-CH==. j 
15 The invention also provides a method of treating hyperprbliferative disorders 

which comprises administering to a mammal in need of such treatment a 
hyperproliferative disorder treating amount of a compound of formula I. l 

According to another aspect of the invention there is provided a method as 
described above wherein the hyperproliferative disease is cancer. 
20 Yet another aspect of the invention provides a method as described above 

wherein the disease is brain, lung, squamous cell, bladder, gastric, pancreatic, hepatic, 
renal, colorectal, breast, head, neck, oesophageal, gynecological or thyroid cancer. 

Another aspect of the invention provides a method as described above wherein 
the hyperproliferative disorder is noncancerous. 
25 Another aspect of the invention provides a compound as described above 

wherein the noncancerous hyperproliferative disorder is psoriasis or benign prostatic 
hyperplasia. 

The invention further provides a pharmaceutical composition for the treatment 
of hyperproliferative disorder in a mammal which comprises a hyperproliferative disease 
30 treating amount of a compound of formula I and a pharmaceutical^ acceptable carrier. 
In the present application certain terms are defined as follows: 
By halo is meant chloro, bromo, iodo, or fluoro. 
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- By alkyl Is m ant straight chain r, when C, or larger', a cyclic r, when C a or 
larger, a branch d saturated hydrocarb n. 

As used herein, the expression "reaction-Inert solvent" refers to a solvent which 
does not interact with starting materials, reagents, intermediates or products in a 
5 manner which adversely affects the yield of the desired product. 

Other features and advantages will be apparent from the specification and 
claims which describe the invention. 

Detailed Description of the Invention 
The Formula I compounds, or pharmaceutically acceptable salts and prodrugs 
10 thereof can be prepared by any process known to be applicable to the preparation of 
chemically-related compounds. 




20 



I 
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- As shown in th Sch m th F rmula I compounds can, generally, be made 
prepared from the 4-chloro r hydroxy derivatives of the appropriately substituted 
heteroaryl-fused pyrimidine 1 using the appropriately substituted amine ZH 2. 

Typically the appropriately substituted 4-haloheteroaryl-fused pyrimidine 1 (or 

5 a heteroaryl-fused pyrimidine bearing a suitable displaceable leaving group in the 4- 
position such as aryloxy, alkyl sulfinyloxy such as trifluoromethanesulfonyloxy, 
arylsulfinyloxy, siloxy, cyano, pyrazolo, triazolo or tetrazolo), preferably a haloheteroaryl 
such as 4-chioroheteroaryl derivative, is reacted with the appropriate amine 2 in a 
solvent such as a (C^-CJalcohol, dimethylformamide (DMF), N-methylpyrrolidin-2-one, 

1 0 chloroform, acetonitrile, tetrahydrofuran (THF), dimethylsulfoxide (DMSO), 1 -4 dioxane, 
pyridine or other aprotic solvent. The combination can be effected in the presence of 
a base, preferably an alkali or alkaline earth metal carbonate or hydroxide or a tertiary 
amine base, such as pyridine, 2,6-lutidine, collidine, N-methyl-morpholine, triethylamine, 
diethyl isopropyl amine, 4-dimethylamino-pyridine or N,N-dimethylaniIine. These bases 

15 are hereinafter refered to as "suitable bases". The mixture is maintained at a 
temperature of from ambient to reflux, preferably from about 35 °C to reflux, until 
substantially no remaining 4-haloheteroaryl-fused pyrimidine can be detected, typically 
about 2 hours to about 72 hours. The reaction is preferably performed under an inert 
atmosphere such as dry nitrogen gas. 

20 Generally, the reactants are combined stoichiometrically when a suitable amine 

base is used, although, for those compounds where a salt (typically the HCI salt) of the 
amine is used, it is preferable to use excess amine 2, generally an extra equivalent of 
the amine 2. Alternatively, if an amine base is not used an excess of the amine reactant 
may be used) 

25 For those compounds where a sterically hindered amine (such as a 2-alkyl- 

indoline) or very reactive 4-haloheteroaryl-fused pyrimidine is used it is preferable to use 
t-butyl alcohol or a polar aprotic solvent such as dimethylformamide or N- 
methylpyrrolidin-2-one as the solvent. 

Other Formula I compounds may be prepared by the following appropriate 
30 reactions subsequent to the above coupling. 

Compounds of Formula I wherein R 3 or R 5 is a primary amino or hydroxyamino 
may be prepared by the reduction of Formula I compounds wherein R 3 or R 5 is a n'rtro 
group. 
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- Th reduction may conveniently be carried utbyany f the many procedures 
kn wn for such transformations. Th reduction may be carried out, for example, by the 
hydrogenation of a solution of the nltro compound in a reaction-inert solvent In the 
presence of a suitable metal catalyst such as palladium or platinum. A further suitable 

5 reducing agent is, for example, an activated metal such as activated iron (produced by 
washing iron powder with a dilute solution of an acid such as hydrochloric acid). Thus, 
for example, the reduction may be carried out by heating a mixture of the nitro 
compound and the activated metal in a solvent such as a mixture of water and an 
alcohol, for example, methanol or ethanol, to a temperature in the range, for example, 

10 50 to 150°C, conveniently at or near 70°C. 

For the production of those compounds of Formula I wherein R 6 or R e 
incorporates a primary or secondary amino moiety (other than the amino group 
intended to react with the quinazoline), such free amine is preferably protected prior to 
the above described reaction followed by deprotection, subsequent to the above 

15 described reaction with 4-haloqulnazoline. 

For a description of protecting groups and their use, see T.W. Greene and 
P.G.M. Wuts, "Protective Groups in Organic Synthesis" Second Ed., John Wiley & Sons, 
New York, 1991. 

Nitrogen protecting groups are well known in the art, including (C,- 
20 C 0 )a!koxycarbonyl, optionally substituted benzyloxycarbonyl, aryloxycarbonyl, trityi, 
vinyloxycarbonyl, O-nitrophenylsulfonyl, diphenylphosphlnyl, p-toluenesulfonyl, and 
benzyl. The addition of the nitrogen protecting group may be earned out in a 
chlorinated hydrocarbon solvent such as methylene chloride or 1 ,2-dichloroethane, or 
an ethereal solvent such as glyme, diglyme or THF, in the presence or absence of a 
25 tertiary amine base such as triethylamine, diisopropylethylamine or pyridine, preferably 
triethylamine, at a temperature from about 0°C to about 50° C, preferably about 
ambient temperature. Alternatively, the protecting groups are conveniently attached 
using Schotten-Baumann conditions. 

Subsequent to the above described amine coupling reaction the protecting 
30 group may be removed by deprotecting methods known to those skilled in the art such 
as trifluoroacetic acid in methylene chloride for the lert-butoxycarbonyl protected 
products. 



WO 96/40142 



PCMJS95/07881 



-17- 

• Compounds of the F rmula I wherein R 3 is hydroxy, may preferably be prepared 
by cleavag of a Formula I compound wh rein R 3 is (C^-CJalkoxy. 

The cleavage reaction may conveniently be carried out by any of the many 
procedures known for such a transformation. Treatment of the heteroaryl-fused 
5 pyrimidine derivative of Formula I with molten pyridine hydrochloride (20-30 eq.) at 1 50 
to 175°C may be employed for O-dealkylations. Alternatively, the reaction may be 
carried out, for example, by treatment of the heteroaryl-fused pyrimidine derivative with 
an alkali metal (C r C 4 )aIkylsulphide such as sodium ethanethiolate or, for example, by 
treatment with an alkali metal diarylphosphide such as lithium diphenylphosphide. 
10 Alternatively the cleavage reaction may conveniently be carried out, for example, by 
treatment of the heteroaryl-fused pyrimidine derivative with a boron or aluminum 
trihalide such as boron tribromide. Such reactions are preferably carried out in the 
presence of a reaction-inert solvent and at a suitable temperature. 

For the production of those compounds of Formula I wherein R 3 is a (C r 
1 5 C 4 )alkylsulphinyl or (C^CJalkylsulphony group, the oxidation of a Formula I compound 
wherein R 3 is a (0,-CJalkylthio group is preferred. 

A suitable oxidizing agent is, for example, an agent known in the art for the 
oxidation of thio to sulphinyl and/or sulphonyl, for example, hydrogen peroxide, a 
peracid (such as 3-chloroperoxybenzoic or peroxyacetic acid), an alkali metal 
20 peroxysulphate (such as potassium peroxymonosulphate), chromium trioxide or 
gaseous oxygen in the presence of platinum. The oxidation is generally carried out 
under as mild conditions as possible and with the required stoichiometric amount of 
oxidizing agent in order to reduce the risk of over oxidation and damage to other 
functional groups. In general the reaction is carried out in a suitable solvent such as 
25 methylene chloride, chloroform, acetone, tetrahydrofuran or tert-butyl methyl ether and 
at a temperature, for example, -25 to 50°C, conveniently at or near ambient 
temperature, that is in the range of 15 to 35°C. When a compound carrying a sulphinyl 
group is required a milder oxidizing agent may also be used, for example sodium or 
potassium metaperiodate, conveniently in a polar solvent such as acetic acid or 
30 ethanol. It will be appreciated that when a compound of the Formula I containing a (C r 
C 4 )alkylsulphonyI group is required, it may be obtained by oxidation of the 
corresponding (C 1 -C 4 )alkylsulphinyl compound as w II as of th corresponding (C r 
CJaikytthio compound. 
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• For the production of those compounds of F rmUla I wherein R 3 is (C 2 - 
C 4 )alkanoylamino or substituted (C 2 -C 4 )alkanoylamln , ureido, 3-phenylureido f 
benzamldo, or sulfonamldo, the acylation or sulfonylation of a Formula I compound 
wherein R 3 is amino is appropriate. 
5 A suitable acyiating agent is, for example, any agent known in the art for the 

acylation of amino to acyiamino, for example an acyl halide (e.g., a (C 2 -C 4 )alkanoyl 
chloride or bromide or a benzoyl chloride or bromide), an alkanoic acid anhydride or 
mixed anhydride (e.g., (C 2 -C 4 )alkanoic acid anhydride such as acetic anhydride or the 
mixed anhydride formed by the reaction of an alkanoic acid and a (C r 
10 C 4 )aikoxycarbonyl halide, for example (C^-CJalkoxycarbonyl chloride, in the presence 
of a suitable base). For the production of those compounds of Formula I wherein R 1 
is ureido or 3-phenylureido, a suitable acyiating agent is, for example, a cyanate, for 
example an alkali metal cyanate such as sodium cyanate or, for example, an isocyanate 
such as phenyl isocyanate. N-suffonytations may be carried out with suitable sulfonyl 
1 5 halides or suKonylanhydrides in the presence of a tertiary amine base. In general the 
acylation or sulfonylation is carried out in a reaction-inert solvent and at a temperature, 
in the range, for example, -30 to 120°C, conveniently at or near ambient temperature. 

For the production of those compounds of Formula I wherein R 3 is (C,-C 4 )aIkoxy 
or substituted (C 1 -C 4 )alkoxy or R 1 Is (C,-C 4 )aIkylamino or substituted mono-N- or di- 
20 N,N-(C r C 4 )alkylamlno, the alkylation, preferably in the presence of a suitable base, of 
a Formula I compound wherein R 1 is hydroxy or amino, as appropriate, is preferred. 

A suitable alkylating agent is, for example, any agent known in the art for the 
alkylation of hydroxy to alkoxy or substituted atkoxy, or for the alkylation of amino to 
alkyiamino or substituted alkylamino, for example an alkyl or substituted alkyl halide, 
25 for example a (C 1 -C 4 )alkyl chloride, bromide or iodide or a substituted (C r C 4 )alkyl 
chloride, bromide or iodide, in the presence of a suitable base in a reaction-inert 
solvent and at a temperature in the range, for example, 10 to 140°C, conveniently at 
or near ambient temperature. 

For the production of those compounds of Formula I wherein R 3 is an amino-, 
30 oxy- or cyano-substituted (C r C 4 )alkyl substituent, the reaction, preferably in the 
presence of a suitable base, of a Formula I compound wherein R 3 is a (C r C 4 )alkyi 
substituent bearing a displaceable group with an appropriate amine, alcohol or cyanide 
is appropriate. 
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Th reaction is pref rably carried ut in a reaction-inert solvent r diluent and 
at a temp ratur in the rang , for example, 10 to 100 C, conveniently at or near 
ambient temperature. 

For the production of those compounds of Formula I wherein R 3 , R 5 , or R 8 is a 
5 carboxy substituent or a substituent which includes a carboxy group, the hydrolysis of 
a Formula I compound wherein R 3 , R 5 , R fl is a (C^-CJalkoxycarbonyl substituent or a 
substituent which includes a (C r C 4 )aIkoxycarbonyl group is desirable. 

The hydrolysis may conveniently be preformed, for example, under basic 
conditions such as an alkali metal hydroxide mediated hydrolysis as illustrated in the 
10 accompanying Examples. 

For the production of those compounds of Formula I wherein R 3 is amino, (C,- 
CJalkytamino.di-K^-CJalkyq 

yl, ^(C^CJalkylpiperazin-l-yl or (0,-CJaIkythio, the reaction, conveniently in the 
presence of a suitable base, of a Formula I compound wherein R 3 is a displaceable 
15 group with an appropriate amine or thiol is preferred. 

The reaction is preferably carried out in a reaction-inert solvent or diluent and 
at a temperature in the range, for example, 10 to 180°C, conveniently in the range 100 
to 150°C. 

For the production of those compounds of Formula I wherein R 3 is 2- 
20 oxopyrrolidin-1-yl or 2-oxopiperidin-1-yl, the cyclisation, in the presence of a suitable 
base, of a Formula I compound wherein R 3 is a ha!o-(C 2 -C 4 )alkanoylamino group is 
convenient. 

The reaction is preferably carried out in a reaction-inert solvent or diluent and 
at a temperature in the range, for example, 10 to 100° C, conveniently at or near 
25 ambient temperature. 

For the production of compounds of Formula I in which R 3 is carbamoyl, 
substituted carbamoyl, alkanoyloxy or substituted alkanoyloxy, the carbamoylation or 
acylation of a Formula I compound wherein R 3 is hydroxy is convenient. 

Suitable acylating agents are for example any agent known in the art for 
30 acylation of hydroxyaryl moieties to alkanoyloxy aryl. For example, (C 2 -C 4 )alkanoyl 
halides, (C 2 -C 4 )alkanoyl anhydrides or mixed anhydrides, and suitable substituted 
derivativ s thereof may be mployed typically in the pr sence of a suitable base. 
Altemativ ly, (C 2 -C 4 )alkan ic acids or suitably substituted derivatives ther of may be 
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coupl dwithaF rmula I compound wherein R 3 is hydroxy With the aid fa condensing 
agent such as a caibodiimlde. For the product! n of those comp unds of Formula I 
in which R 3 is carbamoyl or substituted carbamoyl, suitable carbamoylating agents are 
for example a cyanate or an alkyl or erylisocyanate, typically In the presence of a 
5 suitable base. Alternatively a suitable intermediate such as the chloroformates or 
imidazolylacarbonyl derivative of a heteroaryl-fused pyrlmidine of Formula I in which R 3 
is hydroxy may be generated, for example by treatment of said derivative with 
phosgene (or a phosgene equivalent) or carbonyldiimidazole. The resulting 
intermediate may then be reacted with an appropriate amine or substituted amine to 
1 0 produce the desired carbamoyl derivatives. 

For the production of heteroaryl-fused pyrlmidine derivatives of Formula I 
wherein R 3 is aminocarbonyl or a substituted aminocarbonyl, the aminolysis of a 
suitable intermediate derived from a heteroaryl-fused pyrimidine of Formula I in which 
R 3 is carboxy is preferred. 
15 The activation and coupling of a Formula I compound wherein R 3 is carboxy 

may be performed by a variety of methods known to those skilled In the art. Suitable 
methods include activation of the carboxyl as an acid halide, azide, symmetric or mixed 
anhydride, or active ester of appropriate reactivity for coupling with the desired amine. 
Examples of such types of intermediates and their production and use In couplings with 
20 amines may be found extensively in the literature; for example M. Bodansky and A. 
Bodansky, "The Practice of Peptide Synthesis", Springer,-Verlag, New York, 1984. 

The resulting Formula I compounds may be isolated and purified by standard 
methods, such as solvent removal and recrystallization or chromatography, tf desired. 
Optionally substituted indole and indolines, useful in the practice of the 
25 invention, and methods for their preparation, are described in co-pending United States 
application serial number 08/200,359, incorporated herein by reference. In addition to 
methods described therein the preparation of various indolines, indoles, oxindoles, and 
isatins useful as intermediates are further described in "Heterocyclic Compounds with 
Indole and Carbazole Systems', W. C. Sumpter and F. M. Miller, In Vol. 8 of The 
30 Chemistry of Heterocyclic Compounds" Series, Interscience Publishers Inc., N.Y., 1954 
and references contained therein. 
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- Substituted anilines, useful in th practice of the invention, and methods for their 
preparation, ar described In co-pending United States application 08/41 3,300 and PCT 
application no. PCT/IB95/00436, incorporated herein by reference. 

Compounds of the formula ZH wherein ZH is QNH 2 , useful in the practice of the 
5 invention, and methods for their preparation, are described in European Patent 
application serial no. EP 0 496 617 A1 incorporated herein by reference. 

Certain compounds of Formula I can exist In sotvated as well as unsolvated 
forms such as, for example, hydrated forms. It is to be understood that the invention 
encompasses all such solvated as well as unsolvated forms which possess activity 
1 0 against hyperprolif erative diseases . 

A suitable pharmaceutically-acceptable salt of a heteroaryl-fused pyrimidine 
derivative of the invention is, for example, an acid-addition salt of a heteroaryl-fused 
pyrimidine derivative of the invention which is sufficiently basic, for example an acid- 
addition salt with, for example, an inorganic or organic acid, for example, hydrochloric, 
15 hydrobromic, sulphuric, phosphoric, methanesulfonfc, benzenesulfonic, trifluoroacetic, 
citric, lactic or maleic acid. In addition a suitable pharmaceutically-acceptable base- 
. addition salt of a heteroaryl-fused pyrimidine derivative of the invention which is 
sufficiently acidic is an alkali metal salt, for example a lithium, sodium or potassium salt; 
an alkaline earth metal salt, for example a calcium or magnesium salt; an ammonium 
20 salt; or a salt with an organic base which affords a physiologically-acceptable cation for 
example a salt with methylamine, dimethylamine.trimethylamine, piperidine, morpholine 
or tris-(2-hydroxyethyl)amlne. All such salts are within the scope of this invention and 
they can be prepared by conventional methods. For example, they can be prepared 
simply by contacting the acidic and basic entities, usually in a stoichiometric ratio, in 
25 either an aqueous, non-aqueous or partially aqueous medium, as appropriate. The 
salts are recovered either by filtration, by precipitation with a non-solvent, preferably an 
ethereal or hydrocarbon solvent, followed by filtration, by evaporation of the solvent, or, 
in the case of aqueous solutions, by lyophilization, as appropriate. 

Some of the compounds of Formula I have asymmetric carbon atoms. Such 
30 diasteromeric mixtures can be separated into their individual diastereomers on the basis 
of their physical chemical differences by methods known per se .. for example, by 
chromatography and/or fractional crystallization. Enantiomers can be separated by 
converting th enantiomeric mixtures into a diastereomeric mixture by reaction with an 
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appropriat pticallyactiv compound ( .g., alcohol), separating the diaster omersand 
converting ( .g., hydrolyzlng) th Individual diastereomers to the corresponding pur 
enantiomer. All such isomers, including diastereomers and enantiomers are considered 
as part of the invention. 

5 The compounds of this invention are potent inhibitors of the erbB family of 

oncogenic and protooncogenic protein tyrosine kinases such as epidermal growth 
factor receptor (EGFR), erbB2 . HER3, or HER4 and thus are all adapted to therapeutic 
use as antiproliferative agents (e.g., anticancer) In mammals, particularly humans. In 
particular, the compounds of this invention are therapeutants or prophylactics for the 

10 treatment of a variety of human tumors (renal, liver, kidney, bladder, breast, gastric, 
ovarian, colorectal, prostate, pancreatic, lung, vulval, thyroid, hepatic carcinomas, 
sarcomas, glioblastomas, various head and neck tumors), and other hyperplastic 
conditions such as benign hyperplasia of the skin (e.g., psoriasis) or prostate (e.g., 
BPH). It is In addition expected that a heteroaryl-fused pyrimidine of the present 

15 invention may possess activity against a range of leukemias and lymphoid 
malignancies. 

The compounds of Formula I may also be expected to be useful in the treatment 
of additional disorders in which aberrant expression ligand/receptor interactions, 
activation or signalling events related to various protein tyrosine kinases, (e.g.. IGF- 

20 receptors) whose activity is inhibited by the agents of Formula I, are involved. 

Such disorders may include those of neuronal, glial, astrocytal, hypothalamic, 
and other glandular, macrophagal, epithelial, stromal, and blastocoelic nature in which 
aberrant function, expression, activation or signalling of the tyrosine kinases may be 
involved. In addition, compounds of Formula I may have therapeutic utility in 

25 inflammatory, angiogenic and immunologic disorders involving both identified and as 
yet unidentified tyrosine kinases which are inhibited by compounds of Formula I. 

The in vitro activity of these compounds in inhibiting the receptor tyrosine kinase 
(and thus subsequent proliferative response, e.g., cancer) may be determined by a 
procedure as detailed below. Activity of compunds of Formula I in vitro can be 

30 determined by the amount of inhibition of the phosphorylation of an exogenous 
substrate (e.g., Lys 3 - Gastrin or polyGluTyr (4:1) random copolymer (I. Posner et. al., 
J. Biol. Chem. 267 (29), 20638-47 (1992)) on tyrosine by epidermal growth factor 
rec ptor kinase by a test compound relative to a control. Affinity purified, soluble 
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human EGF receptor (98 ng) is obtained according to th procedur In G. N. Gill, W. 
W ber, Methods in Enzvmoloav 146 . 82-88 (1987) from A431 cells (Am rican Type 
Culture Collection, Rockville, MD) and preincubated in a microfuge tube with EGF 
(2f/g/ml) in phosphorylation buffer + vanadate (PBV: 50 mM HEPES, pH 7.4; 125 mM 
5 NaCI; 24 mM MgCI 2 ; 100 //M sodium orthovanadate), in a total volume of 10 /A, for 20- 
30 minutes at room temperature. The test compound, dissolved In dlmethylsuHoxide 
(DMSO), is diluted In PBV*, and 10 /A is mixed with the EGF receptor /EGF mix, and 
incubated for 10-30 minutes at 30° C. The phosphorylation reaction is initiated by 
addition of 20 pi S3 P-ATP/ substrate mix (120//M Lys 3 -Gastrin (sequence In single letter 
1 0 code for amino acids, KKKGPWLEEEEEAYGWLDF) , 50 mM Hepes pH 7.4, 40 //M ATP, 
2 pCi H 33 P]-ATP) to the EGFr/EGF mix and incubated for 20 minutes at room 
temperature. The reaction is stopped by addition of 10 //I stop solution (0.5 M EDTA, 
pH 8; 2mM ATP) and 6 fA 2N HCI. The tubes are centrifuged at 14,000 RPM, 4°C, for 
10 minutes. 35 pi of supernatant from each tube is pipetted onto a 2.5 cm circle of 
15 Whatman P81 paper, bulk washed four times in 5% acetic acid, 1 liter per wash, and 
then air dried. This results in the binding of substrate to the paper with loss of free ATP 
on washing. The [ 33 P] incorporated is measured by liquid scintillation counting. 
Incorporation in the absence of substrate (e.g., Iys,-gastrin) is subtracted from all values 
as a background and percent inhibition is calculated relative to controls without test 
20 compound present. 

Such assays carried out with a range of doses of test compounds allow the 
determination of an approximate IC B0 value for the in vitro inhibition of EGFR kinase 
activity. Although the inhibitory properties of the compounds of Formula I vary with 
structural change as expected, in general, the activity exhibited by these agents 
25 determined in the manner described above is in the range of IC 60 =0.0001-30 //M. 

Activity of compounds of Formula I in vivo can be determined by the amount of 
inhibition of tumor growth by a test compound relative to a control. The tumor growth 
inhibitory effects of various compounds are measured according to the methods of 
Corbett T. H., et al. Tumor Induction Relationships in Development of Transplantable 
30 Cancers of the Colon in Mice for Chemotherapy Assays, with a Note on Carcinogen 
Structure", Cancer Res. . 35, 2434-2439 (1975) and Corbett, T. H., et al., *A Mouse 
Colon-tumor Model for Experimental Therapy*, Cancer Chemother. Rep. (Part 21' . 5, 
169-185 (1975), with slight modifications. Tumors are induced in the left flank by s.c. 
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Injection of 1 X 10 e I g phas cultured tumor cells (human* MDA-MB-468 breast r 
human HN5 head and neck carcinoma cells) suspended in 0.10 ml RPMI 1640. After 
sufficient time has elapsed for the tumors to become palpable (2-3 mm in diameter) the 
test animals (athymic mice) are treated with compound (formulated by dissolution in 

5 DMSO typically at a concentration of 50 to 100 mg/mL followed by 1:9 dilution into 
0.1% Pluronic* P105 in 0.9% saline) by the intraperitoneal Op) or oral (po) routes of 
administration twice daily (Le. t every 12 hours) for 5 to 20 consecutive days. In order 
to determine an anti-tumor effect, the tumor is measured in millimeters with Vernier 
calipers across two diameters and the tumor size (mg) is calculated using the formula: 

10 Tumor weight = (length x [width] 2 )^, according to the methods of Geran, R.I., et al. 
•Protocols for Screening Chemical Agents and Natural Products Against Animal Tumors 
and Other Biological Systems', Third Edition, Cancer Chemother. Results are expressed 
as percent inhibition, according to the formula: Inhibition (%) = (TuW^^ - 
TuW^J/TuW^^ x 100%. The flank site of tumor implantation provides reproducible 

15 dose/response effects for a variety of chemotherapeutic agents, and the method of 
measurement (tumor diameter) is a reliable method for assessing tumor growth rates. 

Administration of the compounds of this invention can be via any method which 
enables delivery of the compounds to the site of action (e.g., cancer cells). These 
methods include oral routes, intraduodenal routes, parenteral injection (including 

20 intravenous, subcutaneous, intramuscular, intravascular or infusion), topical 
administration, etc. 

The amount of heteroaryl-fused pyrimidine derivative administered will, of course, 
be dependent on the subject being treated, on the severity of the affliction, on the 
manner of administration and on the judgement of the prescribing physician. However 

25 an effective dosage is in the range of approximately 0.1-100 mg/kg, preferably 1 to 35 
mg/kg in single or divided doses. For an average 70kg human, this would amount to 
0.05 to 7 g/day, preferably 0.2 to 2.5 g/day. 

The composition may, for example, be in a f orm suitable for oral administration 
as a tablet, capsule, pill, powder, sustained release formulations, solution, suspension, 

30 for parenteral injection as a sterile solution, suspension or emulsion, for topical 
administration as an ointment or cream or for rectal administration as a suppository. 
The pharmaceutical composition may be in unit dosage forms suitabl for single 
administration of precise dosages. The pharmaceutical compositions will include a 
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conv ntional pharmaceutical carrier or excipient and a cotnpound according to the 
invention as an activ ingredient. In addition, it may includ other medicinal or 
pharmaceutical agents, carriers, adjuvants, etc. 

Pharmaceutical compositions according to the invention may contain 0.1%-95% 
5 of the compound, preferably 1%-70%. In any event, the composition or formulation to 
be administered will contain a quantity of a compound according to the invention In an 
amount effective to alleviate or reduce the signs in the subject being treated, i.e., 
proliferative diseases, over the course of the treatment. 

Exemplary parenteral administration forms include solutions or suspensions of 
10 a compound according to the invention Formula I In sterile aqueous solutions, for 
example aqueous propylene glycol or dextrose solutions are employed. Such dosage 
forms can be suitably buffered, if desired. 

Suitable pharmaceutical carriers include inert diluents or fillers, water and various 
organic solvents. These pharmaceutical compositions can, if desired, contain 
1 5 additional ingredients such as flavorings, binders, excipients and the like. Thus for oral 
administration, tablets containing various excipients, such as citric acid can be 
employed, together with various disintegrants such as starch, alginic add and certain 
complex silicates and with binding agents such as sucrose, gelatin and acacia. 
Additionally, lubricating agents such as magnesium stearate, sodium lauryl sulfate and 
20 talc are often useful for tableting purposes. Solid compositions of a similar type may 
also be employed in soft and hard filled gelatin capsules. Preferred materials therefore 
include lactose or milk sugar and high molecular weight polyethylene glycols. When 
the aqueous suspensions or elixirs are desired for oral administration the essential 
active ingredient therein may be combined with various sweetening or flavoring agents, 
25 coloring matters or dyes and, if desired, emulsifying agents or suspending agents, 
together with diluents such as water, ethanol, propylene glycol, glycerin, or 
combinations thereof. 

Methods of preparing various pharmaceutical compositions with a certain 
amount of active ingredient are known, or will be apparent, to those skilled in this art. 
30 For examples, see Remington's Pharmaceutical Sciences., Mack Publishing Company, 
Easter, Pa. ( 15th Edition (1975). 

The anticancer treatment described above may be applied as a sole therapy or 
may involve, in addition to the heteroaryl-fused pyrimidine d rivative of the invention, 
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on ormor other antitumor substances. Such conjoint treatment may b achieved by 
way of the simultaneous, sequential, cyclic or separate dosing of the individual 
components of the treatment 

It should be understood that the invention Is not limited to the particular 
5 embodiments shown and described herein, but that various changes and modifications 
may be made without departing from the spirit and scope of this novel concept as 
defined by the following claims. 

Example 1 

f3>Ethvnvl^henvl)-f7H<ivrrolor2.3-dlDvrimldin-4-vlVamine hydrochloride: 
10 To 4-chloro-7H-pyrrolo[2,3-d]pyrimidine (10.0 g, 0.065 mo!) in dry pyridine (90 

ml) was added m-aminophenylacetylene (9.2 g, 0.078 mol), and the mixture was heated 
in an 85 °C oil bath for 2 days. The reaction mixture was cooled to ambient 
temperature and concentrated in vacuo . The resulting residue was purified by flash 
chromatography on silica gel (375 g, 40 /mi mesh) using 5% methanol/CH 2 CI 2 to afford 
15 the title compound as a pink-orange solid (1.9 g, 12% ). HRMS: Calcd. 235.0984, 
Found 235.1000; anal. RP18-HPLC RT: 3.48 min. 

The above compound was dissolved in a minimal amount of methanol and a 
solution of HCI in ethyl ether (HCI bubbled into 2 ml ethyl ether) was added dropwise 
until the mixture remained cloudy. The precipitated HCI salt was dried in vacuo , washed 
20 once with ethyl ether, and dried in vacuo to constant mass. MP: 196-1 98° C. 

Example 2 

f3-ChloroH3henvlVf7H-pvrrolor2,3-d1pyrimldin-4-vn"amine 
Following the procedure described in Example 1, the title compound was 
prepared from 4-chloro-7H-pyiTolo[2,3-d]pyrimIdine and 3-chloroanlline (3.4%). LC-MS: 
25 245 (MH*); anal. RP18-HPLC RT: 3.74 min; HCI salt MP: 227-228°C. 

Example 3 

4>f6-Chloro>2,3-dlhvdro-lndoM-vl>-7H->Pvrrolor2.3>dlpyrimidine 
hydrochloride; 

Following the procedure described in Example 1, the title compound was 
30 prepared from 4-chloro-7H-pyrroloI2 l 3-d]pyrimidine and 6-chloro-2,3-dihydroindol-1-yl 
(4.3%). HRMS: Calcd. 271 .0750, Found 271 .0729; anal. RP1 8-HPLC RT: 4.88 min; HCI 
salt MP: 266°C (dec). 
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Exanrol 4 

f7H-Pvrrol fg.3^pvrimldln-4.vlU.m-t h /Mamln hvdrochl ride: 
Following the procedure described in Example 1, the title compound was 
prepared from 4-<*loro-7H-pyrrolo[2,3-d]pyrimidine and m-toluidine (34%). HRMS: 
5 Calcd. 225.1 140, Found 225.1 131 ; anal. RP18-HPLC RT: 3.45 min; HCI salt MP: 219°C. 

Example 5 

II H-lndol-5-vl\-f7H-pvrrolor2.3-dlPvrlmldin-4-vlWam lne hydrochloride; 
Following the procedure described in Example 1, the title compound was 
prepared from 4-chloro-7H-pyrrolo[2,3-d]pyrimidine and 5-aminoindole (7%). HRMS: 
10 Calcd. 250.1093, Found 250.1081; anal. RP18-HPLC RT: 2.58 min; HCI salt MP: 218- 
221 °C. 

Example 6 

Phenvl-i7H-pvrrolof2.3-d1Pvrlmldin-4-vn-amine 

Utilizing a procedure analogous to that described in Example 1 , this product was 
15 prepared in 16% yield from 4-Chloro-7H-pyrroloI2,3-d]pyrimidine (1.0 eq) and aniline 
(5.0 eq) in pyridine. (M.P. 234-236° C; GC-MS: 211 (MH + ); anal. RP18-HPLC RT: 3.11 
min.) 

The compounds of Examples 7-10 were made according to the method of claim 
6 from the appropriate starting materials. 

20 
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Exampl 11 

tjgJgvT MamfnoM -(pyrrol f2.3-Jpvrimldin-7-vn-ethan n hydrochloride: 
To (3HYiethyl-phenyt)-(7H-pyrrolo[2,^ (Example4) (0.168 

5 g, 0.75 mmol), dissolved in hot acetonitrile (7 ml), was added sodium hydride (36 mg, 
0.90 mmol, 60% dispersion in mineral oil). After stirring at ambient temperature for 0.75 
hours, acetyl chloride (0.1 1 ml, 1 .5 mmol) was added.and stirring was continued for 48 
hours. The mixture was concentrated In vacuo, triturated in hot ethyl acetate and 
filtered. The filtrate was concentrated in vacuo to give an orange solid residue. The 
1 0 solid was triturated in CH 2 CI 2 and filtered to afford the title compound as a light yellow 
solid (0.1 1 g, 55%). LC-MS: 267 (MhT); anal. RP18-HPLC RT: 3.53 min. 

Example 12 

(5-lodo-7H>pyrrolor2.3HJlpvrlmidin-4-vlV(m-tolvn-amlne 
To 1-(4-tolylamino-pynrolo[2 t 3-d]pyrimidin-7-yl)-ethanone (113 mg, 0.42 mmol), 
15 in dry methanol (4 ml), and CH 2 CI 2 (1 ml), was added Na 2 C0 3 (45 mg, 0.42 mmol). 
After stirring at ambient temperature for 0.75 hours, N-iodosuccinimide (190 mg f 0.85 
mmol) was added and stirring was continued for 48 hours. The mixture was 
concentrated In vacuo and partitioned between CH 2 CI 2 and H 2 0. The organic phase 
was washed twice with H 2 0, dried over Na 2 S0 4 and concentrated in vacuo . The 
20 resulting residue was purified by flash chromatography on silica gel (7 g, 40 fjm mesh) 
using 2% methanol/CH 2 CI 2 to afford the title compound as olive needles (6mg, 4%). 
LC-MS: 351 (MH+); anal. RP18-HPLC RT: min. 

Example 13 

(3-Chloro-phenylM1 H-f1 ,2.31trlazolor4.5<npvrlmldln-7-vn-amlne hydrochloride 
25 To 3-chloroaniline (0.39 ml, 3.6 mmol) in dry dimethylcyclohexyiamine (0.55 ml, 

3.6 mmol) was added phosphorus pentoxide (0.52 g, 3.6 mmol). After heating in a 
170°C oil bath for 0.5 hours, 8-azahypoxanthine (0.50 g, 3.6 mmol) was added and 
stirring continued at 170°C for 23 hours. The mixture was cooled to ambient 
temperature and 2M NaOH was added until basic. The solids were filtered off and 
30 washed consecutively with H 2 0, CH 2 CI 2 and methanol. The resulting solid was dried 
in vacuo to afford the title compound as a tan powder (0.26 g, 29%). LC-MS: 247 
(MhT); anal. RP18-HPLC RT; 3.76 min. 
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Example 14 

(3-Chl ro-ph nvlMpvrld r4.3-dlPVrimldfn-4-vn-amlne hydrochloride: 
To 4-hydroxy-pyrido[4,3-d]pyrimidine (0.13 g 9 0.90 mmol) in phosphorus 
oxyohloride (2 ml) was added dry pyridine (0.15 ml, 1 .8 mmol). A condenser and CaCI 2 

5 drying tube were attached and the suspension was refluxed for 3 hours. The final, clear 
solution was concentrated in vacuo (CaCI 2 drying tube) and followed by a toluene 
chase. The resulting 4-chloro-pyrido[4,3-d]pyrimidine was dissolved in dry pyridine (1 .5 
ml). 3-Chloroaniline (0.096 ml, 0.90 mmol) was added, and the mixture was heated in 
an 85°C oil bath for 23 hours. The reaction was cooled to ambient temperature and 

10 concentrated in vacuo . The oily residue was partitioned between CH 2 CI 2 and H 2 0, 
filtered, and the H 2 0 phase extracted with CH 2 CI 2 . The combined organic phases were 
dried over Na 2 S0 4 and concentrated in vacuo . The resulting residue was purified by 
flash chromatography on silica gel (5 g, 40 j/m mesh) using 5% methanol/CH 2 CI 2 to 
afford the title compound as an off-white solid (3 mg, 1.3%). LC-MS: 257 (MH+); anal. 

15 RP18-HPLC RT: 3.85 min. 

Example 15 

(1 H-lndol-5»vlV(pvridor4 t 3-d1pvrimldln-4-yl)"amine hydrochloride: 
To a suspension of 4-hydroxy-pyrido[4,3-d]pyrimidine (0.103 g, 0.70 mmol) in 
dry pyridine (2 ml) cooled in an ice-water bath was added dropwise trifluoroacetic 
20 anhydride (0.20 ml, 1 .4 mmol). After stirring for 0.5 hours, a solution of 5-aminoindole 
(0.204 g, 1 .5 mmol) in dry dimethytformamide (DMF) (1 .5 ml) was added dropwise. The 
cold bath was allowed to warm to ambient temperature and stirring continued for 24 
hours. The mixture was concentrated in vacuo and partitioned between CH 2 CI 2 and 
H 2 0. The H 2 0 phase was extracted with CH 2 CI 2 , and the combined organic phases 
25 washed with H 2 0, dried over Na 2 S0 4 and concentrated in vacuo . The resulting residue 
was purified by flash chromatography on silica gel (11 g, 40 j/m mesh) using 5% 
methanol/CH 2 CI 2 to afford the title compound as an orange solid (37 mg, 20%). LC- 
MS: 262 (Mf-T); anal. RP18-HPLC RT: 2.02 min. 

Example 16 

30 (3-Ethvnvtphenvl>*f7*methvNpvrldof4,3-d1pyrlmidln-4-vn-amlne 
hydrochloride: 

Utilizing a procedure analogous to that described in Example 16, this product 
was prepared in 28% yield from 4-hydroxy-7-methyl-pyrido[4,3-d]pyrimidine (1 .0 eq) and 
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m-aminoph nyl acetylene (40.0 eq) in pyridine. The HCI sail was prepar d from the 
purified free bas according t the pr cedur given in Exampl 1. (M.P. 240-241 °C; 
GC-MS: 261 (MH*); anal. RP18-HPLC RT: 3.73 min.) 

Example 17 

5 f3-Chloro-ohenvi>-t7-methvl-ovridof4.3-cnDvrim»din-4^vl>-amine hydrochloride: 
Utilizing a procedure analogous to that described in Example 16, this product 
was prepared in 34 % yield from 4-hydroxy-7-methyl-pyrido[4,3-dlpyrimidine (1.0 eq) 
and m-chloroaniline (40.0 eq) in pyridine. The HCI salt was generated from the purified 
free base according to the procedure given in Example 1. (M.P. 255-256°C; GC-MS: 
1 0 270 (MH + ); anal. RP18-HPLC RT: 4.05 min.) 

Example 18 

f3-Ethvnvi-Dhenvl>-fpvridor4.3-dlpvrlmldin-4-vn-amine hydrochloride: 
Following the procedure described in Example 16, the title compound was 
prepared from 4-hydroxy-pyrido[4,3-d]pyrimidine and m-aminophenyl acetylene (5%). 
15 LC-MS: 247 (MH + ); anal. RP18-HPLC RT: 3.41 min. 

The compounds of Examples 19-24 were made according to the method of 
Example 20 from the appropriate starting materials. 
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Exampl 25 
f3-EthvnvtohenvlM9H<)urliv6-vn-amln 
To 6-chloropurine (1.0 g, 6.5 mmol) in dry pyridine (10 ml) was added m- 
aminophenyl acetylene (0.91 g t 7.8 mmol). The mixture was heated in an 85° C oil bath 
5 for 23 hours. The mixture was cooled to ambient temperature and concentrated in 
vacuo . The oily residue was partitioned between CH 2 CI 2 and H 2 0 then filtered to afford 
the title compound as a light orange solid (50 mg f 3.3%). LC-MS: 236 (MKT); anal. 
RP18-HPLC RT: 3.25 min. 

Example 26 

10 (1 H-lndol-&-vlV(9H-purin-6^vlVamlne hydrochloride 

Following the procedure described in Example 9, the title compound was 
prepared from 6-chloropurine and 5-aminoindoIe (70%). TS-MS: 251 (MH+); anal. 
RP18-HPLC RT: 2.44 min. 

Example 27 

15 (3-Chloro-DhenvlWf9H-Dui1n-6-vn-amine hydrochloride 

Following the procedure described in Example 1, the title compound was 
prepared from 4-chloro-7H-pyrrolo[2,3-d]pyrimidine and 3-chloroaniline (3.4%). LC-MS: 
245 (MH+); anal. RP18-HPLC RT: 3.74 min; HCI salt MP: 227-228°C. 

Example 28 

20 4-(6^hloro-2.3^lhydro^ndol-1-vtVPvridor3,4-d1pyrimldine 

4-Chloropyrido[3 l 4-d]pyrimidine (0.10g, 0.60 mmol), 6-chloroindoline (0.10g, 
0.66 mmol) and pyridine (0.1 4g f 1.81 mmol) were combined in DMF (1 mL) and heated 
at 70° C for 3 hr. The reaction was cooled to room temperature and then added to 
methylene chloride (150 mL). The organic layer was washed with saturated sodium 
25 carbonate and water and then dried over sodium sulfate. The solvent was removed by 
rotary evaporation and the residue purified by column chromatography (silica gel, 9/2/1 
- CHjClj/hexanes/methanol) to give a pale yellow residue (0.048g, 28%). MP 194-6°C; 
LCMS: 283 (MH+). 

The products of examples 29-31 were prepared according to the method of 
30 Example 1 from 4-chloropyrido[3,4-d]pyrimidine (1 eq.) and the indicated amine. 



WO 96/40142 



PCI7US95/07881 




-34- 



Examole 29 
Pvrld r3.4-d1Pvrlmldin-4-vl-m-t M-amlne 
This product was prepared In 44% yield from m-anisidine (1.1 eq.) MP 172°C; 
LC-MS: 237 (MH+). 
5 Example 30 

f1H-lndazol^vl>^vridor3.4-cnDVrimtdin-4-vl-amlne 
This product was prepared in 96% yield from 5-aminoindazote (1.1 eq.) MP 
258°C; LC-MS: 263 (MH+). 

Example 31 

10 (1H-lndol-5-vn-pvridof3 t 4>d1pvrimidin-4-vl-amine 

This product was prepared in 15% yield from 5-aminoindole (1.1 eq.) 4- 
chloropyrido[3,4-d]pyrimidine (1 eq.) MP 265°C; LC-MS: 262 (MH+). 

Example 32 
Phenyl-pyrldor2.3-dlpyrimldlr*4-vl-amlne 
15 4-Chloropyrido [2,3-d]pyrimldine (0.1 5g, 0.91 mmol) was carefully added to a 

solution of aniline (0.1 5g, 1.61 mmol) in water (1.5 mL). The solution was heated for 
0.5 hour on a steam bath, cooled, and then basKied with cone, ammonium hydroxide. 
The crude precipitate was collected by filtration and recrystalltzed from 95% ethanol to 
give the title product as yellow crystals (0.054g f 27%). MP 258°C; LC-MS: 223 (MH+). 
20 The products of Examples 33-36 were prepared according to the procedure of 

Example 5 from 4-chloropyrido[2,3-d]pyrimidine (1 eq.) and the appropriate substituted 
aniline. 

Example 33 

(3-Chloro-Dhenyl-pyrldor2,3-d1pvrlmldin-4-vl-amlne 
25 This product was prepared in 61% yield from m-chloroaniline (1 .8 eq.). 

MP 228°C; LC-MS: 257 (MH+). 

Example 34 

f3-Chloro-phenvl-Pvrldor3.4<f|pvrimidin-4-vl-amlne 
This product was prepared in 37% yield from m-chloroaniline (1.8 eq.). MP 
30 228°C; LC-MS: 257 (MH+). 
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EjCgmpje 35 

f3-Bromo-ph nvl<>vridor3.4-cnpv rimldin-4-vl-amln 
This product was prepared in 26% yield from m-bromoaniline (1 .8 eq.). MP 

208° C; LC-MS: 301 (MH+). 
5 Example 36 

Phenvl-DvridQf3.4^1pvrimldln-4-vl«amlne 
This product was prepared in 22% yield from aniline (1.8 eq.). MP 161 °C; LC- 
MS: 223 (MH+). 

Example 37 

10 4-f6-Chloro-2.3-dlhvdro-indoM-v»-Pvridor3.4-cnpvrimldine 

4-Chloropyrido[3,4-d]pyrimidine (0.1 0g, 0.60 mmol), 6-chloroindoline (0.1 Og, 
0.66 mmol) and pyridine (0.14g, 1.81 mmol) were combined in DMF (1 mL) and heated 
at 70°C for 3 hours. The reaction was cooled to room temperature and then added 
to methylene chloride (1 50 mL). The organic layer was washed with saturated sodium 

1 5 carbonate and water and then dried over sodium sulfate. The solvent was removed by 
rotary evaporation and the residue purified by column chromatography (silica gel, 9/2/1 
- CHiClj/hexanes/methanol) to give the title product as a pale yellow residue (0.048g, 
28%). MP 194-6°C; LCMS: 283 (MH+). 

Example 38 

20 fPvridor3.4-d1Pvrlmldln-4-vn-m-tolvl-amine 

This product was prepared in 44% yield from m-anisldine (1 .1 eq.) MP 172°C; 

LC-MS: 237 (MH+). 

The products of Examples 39-40 were prepared according to the procedure of 
Example 1 from 4-chloropyrido[3,4-d]pyrim!dine (1 eq.) and the appropriate amine. 
25 Example 39 

MH.Indazol-S-vn-Pvridor3.4^flpvrlmidln-4-vl-amine 
This product was prepared in 96% yield from 5-aminoindazole (1 .1 eq.) and 4- 
chloropyrido(3,4-d]pyrimidine (1 eq.). MP 258 °C; LC-MS: 263 (MH+). 

Example 40 

30 MH-lndol-S-vh-ovrldof3.4- d1pvrimldin-4-vl-amlne 

This product was prepared in 15% yield from 5-aminoindole (1.1 eq.) and 4- 
chloropyridol3.4-d]pyrimidine (1 eq.). MP 265°C; LC-MS: 262 (MH+). 
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Exampl 41 
Phenvl-pvrld f2.3-d1Pvritnldln-4-vl-amlne 
4-Chloropyrido [2,3-d]pyrimldine (0.15g, 0.91 mmol) was carefully added to a 
solution of aniline (0.1 5g, 1.61 mmol) In water (1.5 mL). The solution was heated for 
5 0.5h on a steam bath, cooled, and then baslfied with cone, ammonium hydroxide. The 
crude precipitate was collected by filtration and recrystallized from 95% ethanol to give 
yellow crystals (0.054g, 27%). MP 258°C; LC-MS: 223 (MH+). 

Example 42 

r3-Chlorc^phenvl-Pvrldor2.3-d1pvrimfdlr»4»vl-amlne 
10 Using a procedure analogous to that described in Example 5, this product was 

prepared in 61% yield from m-chloroaniline (1.8 eq.) and 4-chloropyrido[2,3- 
d]pyrimidine (1 eq.). MP 228°C; LC-MS: 257 (MH+). 

Example 43 

f3-Chloro-phenvl-pvrldor3.4-d1pvrlmldln-4-vl-amlne 
15 Using a procedure analogous to that described in Example 5, this product was 

prepared in 37% yield from m-chloroaniline (1.8 eq.) and 4-chloropyrido[3,4- 
djpyrimidine (1 eq.). MP 228°C; LC-MS: 257 (MH+). 

Example 44 

r3-BromoHahenvl-pvridof3.4-cnpvrimidlr»4-vl-amlne 
20 Using a procedure analogous to that described In Example 5, this product was 

prepared in 26% yield from m-bromoaniline (1.8 eq.) and 4-chloropyrido[3,4- 
d]pyrimidine (1 eq.). MP 206°C; LC-MS: 301 (MH+). 

Example 45 
Phenvl-pvrldor3.4-dlDvrlmidin-4-vl-amlne 
25 Using a procedure analogous to that described in Example 5, this product was 

prepared in 22% yield from aniline (1 .8 eq.) and 4-chloropyridol3,4-d]pyrimidine (1 eq.). 
MP 161 °C; LC-MS: 223 (MH+). 

Example 46 

(7-Benzene8ulfonvl-7H-pvrrolor2.3-d1pvrlmld ln-4-vl>-(3-ethvnvl-phenvl>-amlne 
30 To 4-chloro-7H-pyrrolo[2,3-d]pyrimidine (1 .0 g, 0.0065 mol) in dry THF (10 ml) 

under nitrogen at -78°C was added dropwise via syringe over 1 5 minutes n-butyllithium 
(2.6 M in h xane; 2.88 ml, 0.0072 mol). The cooling bath was removed and the 
solution was stirred for 1 hour. Th resulting pyrrolo anion salt precipitated as a very 
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fihe white solid In a cloudy colorless solution. After the suspension was recooled to - 
78°C,b nz nesulfonyl chloride (1.26 g, 0.0072 mol) was add d neat via syringe. Th 
resulting yellow reaction mixture was allowed to warm slowly to room temperature 
overnight. The grey-white suspension was poured into 2% aqueous sodium 
5 bicarbonate (50 mL) and extracted with two times with diethyl ether (20mL). The 
combined extracts were washed with water and dried (potassium carbonate) and 
evaporated to give a light amber oil which crystallized from ether, the product was 
collected by filtration to 1 .4 g (74%) of white solid. LC-MS= 294 (MH+) RP1 8-HPLC 
RT: 4.40 min. 

I o The above compound was dissolved in methanol and m-aminophenyl acetylene 

(0.159 g, 0.0013 mol), and the reaction mixture heated in an 85°C oil bath for 2 days. 
The reaction mixture was cooled to ambient temperature and concentrated in vacuo. 
The residue was titurated with diethyl ether to produce the title product as a white solid 
(0.234 g, 92%). LC-MS= 375 (MH+), RP1 8-HPLC RT: 3.48 min. 

15 Example 47 

4-f6-Chloro-2-3-dlhvdro-lndol-1-vlV5H -Pvrrolor3.2-dlDvrlmldln-6-ol 
To a solution of 4-(6-Chloro-2,3-dihydro-indol-1-vO-5-amino-6-methylacetyl- 
pyrimidine (541 mg, 1.55 mmol) in 40 mL of ethanol was added 25 mol% of 10% 
palladium on carbon (125 mg) and 0.11 mL of 1N HCI (1.55 mmol). The reaction 

20 mixture was hydrogenated for 3 hours at 50 psi. The reaction mixture was filtered 
through Celite and concetrated in vacuo . The brown residue was slurried in methanol 
and the white solid title product was filtered off (279 mg, 63%)LC-MS= 287 (M+), 
RP1 8-HPLC RT: 5.61 min. MP: 250°C(dec). 

Example 48 

25 f3-Ethvnvl<)henvlVf7.f2-momhollrv4-vl -ethvn.7H-Pvrrolof2.3-<npvrlmldln-^vn- 

amlne 

To a solution of 184 mg (1.4 mmol) of 4-(2-hydroxyethyl)morpholine in 10 mL 
of toluene was added 276 mg (2.0 mmol) of anhydrous potasium carbonate and then 
32 mg (1.3 mmol) of 97% sodium hydride. After 30 minutes 343 mg (1.0 mmol) of 
30 sulfonylated 4-chloro-7H-pynolo[2.3-d]pyrimidine was added and the reaction mixture 
was heated at 100°C for 2 hours. The reaction mixture was then partitioned between 
ethyl acetate and water and the aqueous layer was extracted with two additional 
portions of thyl acetate. The combined organic phases were washed with wat r, dried 
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over magnesium sulfate and concentrated in vacuo. The residue was chromatographed 
on silica gel using 10% methanol/methylen chloride to giv an amber II (140 mg, 

55%). LC-MS 267 (M+) 

The above product was dissolved in methanol and m-aminophenyl acetylene 
5 (0.123 g, 0.001 mol), and the reaction mixture was heated in a sealed tube in a 120°C 
oil bath for 12 hours. The reaction mixture was cooled to ambient temperature and 
concentrated in vacuo. The residue was titurated with diethyl ether to produce the title 
product as a white solid (0.135 g, 74%). LC-MS= 348 (MH+). RP18-HPLC RT: 3.33 
min. 

10 Example 49 

(3-Ethvnvl-phenvlVrr-/2wnemoxv-ethvlV-7H-py rrolor2.3-dlPvrimldin-4-vn-amine 

Utilizing a procedure analogous to that described in Example 47, this product 
wasprepa/edin81%yieldfrom4-chloro-7-(2^ 

(1 .0 eq) and m-aminophenyl acetylene (1 .2 eq) in methanol. M.P. 240-241 °C; LC-MS: 
15 292(MH+); RP18-HPLC RT: 4.16 min. 

Example 50 
r3-Ethvnvl^henvll-f7-r2-f2^ethow^^ 

amine 

Utilizing a procedure analogous to that described in Example 47, this product 
20 was prepared in 81 % yield from 4-chloro-7-l2-(2-methoxy-ethoxy)-ethyf]-7H-pyn-olo[2,3- 

d]pyrimidine (1.0 eq) and m-aminophenyl acetylene (1.2 eq) in methanol. M.P. 240- 

241 °C; LC-MS: 336 (M+); RP18-HPLC RT: 4.29 min. 

Example 51 

f7-JUM^viTolor2.3-cnpvrimldlr^^ 
25 To 4-chloro-7H-pynolo[2,3-dlpyrimidine (1 .3 g, 8.5 mmol) in dry THF (30 ml) was 

added sodium hydride (1.0 g, 0.25 mmol, 60% dispersion in mineral oil). After stirring 

at ambient temperature for 1 hour, allyl iodide (0.93 ml, 10 mmol) was added and 

stirring was continued for 48 hours. The reaction mixture was concentrated in vacuo. 

triturated in hot ethyl acetate, and filtered. The filtrate was concentrated In vacuo to give 
30 an orange solid residue. The solid was triturated in methylene chloride and tittered to 

afford 4-chloro-7-allyl-pyrrolopyrimidine as a light yellow powder (0.58 g, 36%). TS-MS: 

194 (MH+); anal. RP18-HPLC RT: min. 
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T6 4-chloro-7-allyl-pyrrolopyrirhidine (0.5 g t 2.6 mmol) in dry methanol (5 ml) was added 
m-aminophenyl acetyl n (0.36 g, 3.1 mmol). The suspension was heat d in a sealed 
pressure tube at 125°C for 20 hours. The reaction mixture was cooled to ambient 
temperature and concentrated in vacuo. The resulting oil was purified by flash 
5 chromatography on silica gel (50 g, 40 mm mesh) using 3% methanol/methylene 
chloride to afford the title product as a yellow powder (0.29 g, 41% ). TS-MS: 275 
(MH+); anal. RP18-HPLC RT: min. 

Example 52 

(3-Bhvnvl-phenvlWry-methvlH?vrrolof2,3Kflpvrimldin-4'-vl>-amIne hydrochloride 
10 Following the procedure described in Example 1, the title compound was 

prepared from 4-chloro-7H*pyrrolo[2 l 3-d]pyrimidine and methyl iodide, and m- 
aminophenyl acetylene (75%). TS-MS: 249 (MH+); anal. RP18-HPLC RT: min. 

Example 53 

(5-Bromo-7H-pvrrolof2.3-dlpyrim!din-4-vl>-f3-ethynvl-phenvl>'amlne 
15 To 4-chloro-7H-pyrrolo[2 f 3-d]pyrimidine (0.21 g, 1.4 mmol) in dry methylene 

chloride (10 ml) was added N-bromosucdnimide (0.26 g, 1.5 mmol) at ambient 
temperature. The reaction mixture was stirred for 18 hours, and the resulting solid 
filtered with methylene chloride washes and dried in vacuo to afford 5-bromo-4-chloro- 
7H-pyrrolo[2,3-d]pyrimidine as a tan powder (0.28 g f 88%). GC-MS: 233 (MH+), RT: 
20 4.42 min. 

To 5-bromo^^loro-7H-pyrrolo[2 f 3-d]pyrimidine (0.13 g, 0.57 mmol) in dry 
methanol (2 ml) was added m-aminophenyl acetylene (0.08 g, 0.68 mmol). The 
suspension was heated in a sealed pressure tube at 125°C for 18 hours. The reaction 
mixture was cooled to ambient temperature and concentrated in vacuo. The resulting 
25 oil was purified by flash chromatography on silica gel (10 g f 40 mm mesh) using 3% 
methanol/methylene chloride to afford the title compound as a yellow powder (71 mg, 
39%). TS-MS: 314 (MH+); anal. RP18-HPLC RT: min. 

Example 54 

/3-Ethynvl-phenvlW5-lodo-7H-Pvrrolor2,3<riPvrimldin-4>vn-amine 
30 To (3^ethyl-phenyI)-(7H-pyrrolo[2 r 3-d]pyrimidin-4-yl)amine (1 7 mg , 0.076mmol) 

in dry methylene chloride (1ml) was added N-iodosuccinimide (19 mg, 0.083 mmol). 
The reaction mixture was stirred at ambient temperature for 2 hours then filtered with 



WO 96/40142 



PCT/US95/07881 



-40- 

a methylene chlorid wash and dried In vacuo to afford the title compound as a gr y- 
tan powder (12 mg, 46% ). TS-MS: 351 (MH+); anal. RP18-HPLC RT: mln. 

Example 55 

4-(3-EthvnvlH>henvlamtnoV7H^viTO^ add 
5 To 6*romo-4-^loro-7H-pyrroIo[2,3-d]pyrimidine (0.87 g, 3.7 mmol) in dry THF 

(29 ml) cooled in a dry ice-acetone bath was added dropwise n-butyllrthium (3.4 ml, 8.4 
mmol, 2.5 M in hexanes). The reaction mixture was stirred for 1 hour then quenched 
by bubbling in C0 2 . To the resulting olive suspension was added water (1 ml) and 
stirred for 5 minutes at ambient temperature. The reaction mixture was concentrated in 
1 0 vacuo, triturated with ethyl acetate, and dried in vacuo to afford 4~chloro-7H-pyrroloI2,3- 
d]pyrimidine-5-carboxylic add as an avocado powder (0.80 g, 74% ). TS-MS: 198 
(MH+); anal. RP18-HPLC RT: min. 

To 4-chloro-7H-pyrrolo[2 l 3-d]pyrimldine-5-carboxyIic acid (0.38 g, 1.9 mmol) in 
dry methanol (4 ml) was added m-amlnophenyl acetylene (0.47 g, 4.0 mmol). The 
15 suspension was heated in a sealed pressure tube at 125°C for 18 hours. The reaction 
mixture was cooled to ambient temperature, filtered with methylene chloride washes 
and dried in vacuo to afford the title compound as a tan powder (0.30 g, 54% ). TS- 
MS: 278 (MH+); anal. RP18-HPLC RT: min. 

Example 56 

20 f3-Ethvnvl^henvlVf5^ethvN7H-pyrro1or2,3Kflpvrim»din^vlVamine 
hydrochloride 

To 5-bromo4-chloro-7H-pyrrolopyrimidine (0;28 g, 1 .2 mmol) in dry THF (9 ml) 
cooled in a dry ice-acetone bath was added dropwise n-butyllithium (1 .1 ml, 2.7 mmol, 
2.5 M in hexanes). The reaction mixture was stirred for 1 hour, then methyl iodide (0.12 

25 ml, 1 .9 mmol) was added. The solution was stirred for 1 hour at ambient temperature, 
and water (1 ml) was added. The reaction mixture was concentrated in vacuo, and 
diluted with ethyl acetate and water. The organic phase was washed twice with water, 
dried over sodium sulfate , and concentrated in vacuo to afford 4-chloro-5-methyl-7H- 
pyrrolo[2,3-d]pyrimidine (0.17 g, 85%). GC-MS: 167(M+), RT: 3.15 min. 

30 To 4-chloro-5-methyl-7H-pyrrolopyrimidine (0.17 g, 1.0 mmol) in dry methanol 

(3 ml) was added m-aminophenyl acetylene (0.14 g, 1.2 mmol). The suspension was 
heated in a sealed pressure tube at 125°C for 18 hours. The reaction mixture was 
cooled to ambi nt temp ratur , and concentrated in vacuo. The resulting residue was 
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purified by flash chromatography on silica gel (15 g, 40' mm mesh) using 5% 
methanol/methyi ne chloride to afford the title compound as a yellow solid (0.11 g, 
43%). TS-MS: 249 (MH+); anal. RP18-HPLC RT: min. 

Example 57 

5 NW5-lodo-7H-ovrrolof2.3-dlDvrimldin-4-vl\-N-m-tolvl-acetamide 

To (3-methyl-phenyl)-(7H-pyn-olo[2,3-d]pyrimidin-4-yl)-amine (0.75 g, 3.4 mmol) 
dissolved in hot acetonttrile (30ml) was added sodium hydride (0.16 g, 4.0 mmol, 60% 
dispersion in mineral oil). After stirring at ambient temperature for 0.75 hours, acetyl 
chloride (0.48 ml, 6.7 mmol) was added.and stirring continued for 48 hours. The 

1 0 reaction mixture was concentrated in vacuo, triturated in hot ethyl acetate, and filtered. 
The filtrate was concentrated in vacuo to give an orange solid residue. The solid was 
purified by flash chromatography on silica gel (13 g, 40 mm mesh) using 1:3 ethyl 
acetate/hexanes to afford 1-(4Hn-tolylamino-pyrrolo[2,3-d]pyrimidin-7-yl)-ethanone as 
a yellow solid (0.21 g). TS-MS: 309 (MH+); anal. RP18-HPLC RT: min. 

15 To 1 -(4-m-tolylamino-pyrrolo[2 l 3-dlpyrimidin-7-yl)-ethanone (0.21 g, 0.79 mmol) 

in dry methylene chloride (5 ml) and dry methanol (2 ml) was added sodium carbonate 
(0.17 g, 1.6 mmol). After stirring at ambient temperature for 0.75 hours, N- 
iodosuccinimde (0.35 g, 1.6 mmol) was added. The reaction mixture was stirred at 
ambient temperature for 48 hours then concentrated in vacuo. The residue was diluted 

20 with methylene chloride and water. The water phase was extracted once with 
methylene chloride . The organic phase was washed twice with water, dried over 
sodium sulfate , and concentrated In vacuo. The resulting residue was purified by flash 
chromatography on silica gel (11 g, 40 mm mesh) using 2% methanol/methylene 
chloride to afford the title compound as a yellow solid (30 mg ). TS-MS: 393 (MH+); 

25 anal. RP18-HPLCRT: min. 

Example 58 

4.f3.Ethvnvl-phenvlamlno1-7H-pvrrolor2.3-<ll Pvrlmldine-5-carboxvlic acid methyl 

ester hydrochloride 

To 4-(3-emynyl-phenylamino)-7H-pynolol2,3-d]pyrimidine-5-carboxyiic acid 

30 (0.108 g, 0.39 mmol) in diy methylene chloride (2 ml) was added a solution of oxalyl 
chloride (0.17 ml, 1 .9 mmol) in dry methylene chloride (4 ml) followed by 1 drop of dry 
0MF. The suspension was stirred at ambient temperature for 1 hour, th n concentrated 
in vacuo. To the resulting solid was added dry acetone (2 ml) and dry methanol (1 ml). 
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The solution was stirred at ambient temperature for 15 hours, then concentrat d in 
vacuo. The r sidue was diluted with ethyl acetate and water, and the solid filtered and 
dried in vacuo to afford the title compound as a tan powder (40 mg, 35%). TS-MS: 
293 (MH+); anal. RP18-HPLC RT: min. 

5 Example 59 

f3^thvnvlH3henvlaminoVryH-Dvrrolor2.3-dlPvrimIdin-5-vl-carbonltrile 
To S-bromo^hloro-TH-pyrroIop^lpyrimidine (0.31 g, 1.3 mmol) in dry THF 
(4 ml), cooled in a dry Ice-acetone bath, was added dropwise n-butyllithium (1 .3 ml, 3.3 
mmol, 2.5 M in hexanes). The reaction mixture was stirred for 1 hour, then p- 

10 toluenesulphonyl cyanide (0.44 g, 2.4 mmol) suspended in dry THF (7 ml) was added. 
The solution was stirred for 1 8 hours at ambient temperature then diluted with aqueous 
ammonium chloride. The phases were separated and the organic phase washed with 
water and aqueous NaCI. The organic phase was dried over sodium sulfate , and 
concentrated in vacuo. The resulting residue was purified by flash chromatography on 

15 silica gel (15 g, 40 mm mesh) using 3% methanol/methylene chloride to afford 4- 
chloro-5-cyano-7H-pyrrolo[2,3-d]pyrimidine as a yellow solid (52 mg). 

To 4-chloro-5-cyano-7H-pyrroloI2,3-d]pyrimidine (52 mg, 0.29 mmol) in dry 
methanol (3 ml) was added m-aminophenyl acetylene (41 m g, 0.35 mmol). The 
suspension was heated in a sealed pressure tube at 125°C for 18 hours. The reaction 

20 mixture was cooled to ambient temperature, filtered with a small amount of methanol, 
and dried in vacuo to afford the title compound as a white solid (27mg, 36%). TS-MS: 
260 (MH+); anal. RP18-HPLC RT: 3.70 min. 

Example 60 

(1H-lndazol-5-vn-f6-methvl-Pvrldor3,4-dlPvrlmldln-4-vn-amlne 
25 hydrochloride 

6-Methyl-pyrido[3,4-d]pyrimid-4-one (200 mg, 1.24 mmol), polymer-supported 
triphenylphosphine (2.06 g of about 3.0 mmol P/g resin, 6.20 mmoi) and anhydrous 
carbon tetrachloride (1.20 mL, 12.40 mmol) were combined in 1 ,2-dichloroethane (6 
mL). The reaction mixture was heated to 60°C under an atmosphere of dry nitrogen 
30 for 18 hours. 5-Aminoindazole (221 mg, 1.66 mmol) was added and heating was 
continued at 60° C for another 18 hours. The triphenyphosphine-supporting polymer 
was filtered off and washed several times with chloroform. The filtrate and washings 
were concentrated In vacuo, and flash chromatographed on silica in 10% methanol / 
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0.1% triemylamine/ 89.9% methylen chloride to afford 207 nig of the fre bas of the 
title product (LC-MS: 277(MH+). This material was dissolved in a minimum volum of 
chloroform and 1 mole equivalent of HCI in ether was added dropwise with stirring. The 
reaction mixture was diluted with ether (4 volumes) and the precipitated HCI salt of the 
5 title product was filtered and dried in vacuo (188 mg; MP. 208°C; LC-MS: 277 (MH+); 
anal. RP-HPLC: 2.71 min.) 

Example 61 

Ben2orb1thiophen-5-vl-f6-methvlH3Vridof3.4-d1pvrimIdin-4-vl>-aminehvdrochloride 
This material was prepared from 6-methyl-pyrido[3,4-d]pyrimid-4-one (1.0 eq.) 

10 and 5-amino-benzo[b]thiophene (1.5 eq.) as described for Example 60. The polymer 
was filtered off and washed several times with 30% methanol / 70%chloroform. 
Triethylamine (3.0 eq) was added to the filtrate and washings before they were 
concentrated in vacuo. The residue was flash chromatographed on silica in 
10%methanol / methylenechloride to afford 13Smg of product as the free base (LC-MS: 

15 293(MH+)). This material was dissolved in a minimum volume of chloroform and 1 
mole equivalent of HCI in ether was added dropwise with stirring. The reaction mixture 
was diluted with ether (4 volumes) and the precipitated title product was filtered and 
dried in vacuo (152 mg; M.P. 273-276°C; LC-MS: 293 (MH+); anal. RP-HPLC: 4.10 
min.). 

20 Example 62. 

f3-Ethvnvl-4-fluoroM3henvlW6-methvl-pyrldor3.4-dlpvrimldin-4-vl>-amine 

6-Methyl-pyrido[3,4-d]pyrimid-4-one (44mg, 0.27 mmol), polymer -supported 
triphenylphosphine (0.452 g of about 3.0 mmol P/g resin, 1.55 mmol) and anhydrous 
carbon tetrachloride (0.261 mL, 2.71 mmol) were combined in 1 ,2-dichloroethane (1.25 

25 mL). The reaction mixture was heated to 60° C under an atmosphere of dry nitrogen 
for 2 hours. 3-Ethynyl-4-fluoro-anUine (55 mg, 0.407 mmol) was added and heating was 
continued at 60°C for 6 hours. The polymer was filtered off and washed several times 
with 50% methanol / chloroform. The filtrate and washings were concentrated in vacuo 
and flash chromatographed on silica with gradient from 0 to 1 0% methanol / methylene 

30 chloride to afford the title product (10 mg; M.P. 225° C; LC-MS: 279 (MH+); anal. RP- 
HPLC: 3.94 min.). 
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Example 63 

2-Methvl-4-(6-m thvl-ovrid T3.4-dlpvrlmIdln-4-vlamln 1-phen I 
dlhvdrochlorlde 

This material was prepared from 6-methyl-pyrido[3,4-dlpyrimid-4-one (1 .0 eq.) 

5 and 4-amino-o-cresol (1 .5 eq.) as described for Example 61 . The triphenyphosphine- 
supporting polymer was filtered off and washed several times with 50% methanol 
/chloroform. Triethylamine (3.0 eq) was added to the filtrate before concentrating in 
vacuo. The residue was flash chromatographed on silica with gradient from Oto 15% 
methanol / methylene chloride to afford 314 mg of title product as the free base (LC- 

1 0 MS: 267(MH+). This material was converted to the dihydrochioride salt by dissolution 
in CHCI 3 and titration with 2 equivalents of 1M HCI in ether. The precipitated title 
product was filtered and dried in vacuo (MP. 298-305°C; LC-MS: 267 (MH+); anal. 
RP-HPLC: 2.88 min.). 

Example 64 

15 4-(4-Bromo-7-methvl-2.3-dlhvdro^ 
hydrochloride 

This product was prepared from 6-methyl-pyrido[3,4-d]pyrimid-4-one (1,0 eq.) 
and 4-bromo-7-methyl-indoline (1.5 eq.) according to the procedure described for 
Example 61 . The crude product from the filtrate was flash chromatographed on silica 
20 using ethyl acetate / hexanes/ methanol (9:2:1) to afford the free base of the title 
product which was converted to the title product as described for Example 60 (33%; 
M.P. 232-244 °C; LC-MS: 355, 357 (MH+); anal. RP-HPLC: 5.20 min.). 

Example 65 

4-r6-Bromo-7-methvl-2.3-dlhvdro-lndol-1-vn-6-methvl-pvridor3.4-d1pvrimidine 
25 hydrochloride 

This product was prepared from 6-methyl-pyrido[3 t 4-d]pyrimid-4-one (1 .0 eq.) and 6- 
bromo-7-methyl-indoline (1.5 eq.) according to the procedure described for Example 
61 . The crude product from the filtrate was flash chromatographed on silica using ethyl 
acetate / hexanes/ methanol (9:2:1) to afford the free base of the title product which 
30 was converted to the title product salt as described for Example 60 (34%; M.P. 212-229 
°C; LC-MS: 355, 357 (MH+); anal. RP-HPLC: 4.90 min.). 
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Exampl 66 

4-t6-Br mo-5-fluoi^2.3-dlhvdro-lndol-1-vlV^^ethvlH>Yridor3.4-^PVTimldin 
hydrochloride 

This product was prepared from 6-mewyl-pyridol3,4-d]pyrimid-4-one (1.0 eq.) 

5 and 6-bromo-5-fluoro-indoline (1.5 eq.) according to the procedure described for 
Example 61 . The crude product from the filtrate was flash chromatographed on silica 
using 2% methanol / 98% methylene chloride to afford the free base of the title product 
which was converted to the title product as described for Example 60 (36%; M.P. 262- 
264 °C; LC-MS: 359, 361 (MH+); anal. RP-HPLC: 4.83 min.). 

10 Example 67 

(a.Chloro-4.fluoro-nhenvn-(6.methvl-pyridor3.4-d1p vrlmldln-4-vl>-amlne 

hydrochloride 

This product was prepared from 6-methyl-pyrido[3,4-d]pyrimid-4-one (1.0 eq.) 
and 3-chloro-4-fluoro-aniline (1 .5 eq.) according to the procedure described for Example 
15 61 . The erode product from the filtrate was chromatographed on silica using a gradient 
of 0% to 10% methanol / methylene chloride to afford the free base of the title product 
which was converted to the title product as described for Example 60 (47%; M.P. 251- 
258 °C; LC-MS: 289, 291 (MH+); anal. RP-HPLC: 4.18 min.). 

Example 68 

20 f6.Methvi-pyridar3.4-dlpyrlmldin-4.yn.(3-trlflu oromethvl-Phenvn-amine 
hydrochloride 

This product was prepared from 6-methyl-pyrido[3,4-d]pyrimid-4-one (1.0 eq.) 
and 3-trifluoromethyl-antline (1 .5 eq.) according to the procedure described for Example 
61 . The erode product from the filtrate was chromatographed on silica using a gradient 
25 of 0% to 5% methanol / methylene chloride to afford the free base of the title product 
which was converted to the title product as described for Example 60 (33%; M.P. 269- 
270 °C; LC-MS: 305 (MH+); anal. RP-HPLC: 4.30 min.). 

Example 69 

fd.Flu n r 0 .3-methvl-phenvl>-f6-m ethvl-pvrldof3.4.dlDvrlmldln-4-vl)-amlne 

30 hydrochloride 

This product was prepared from 6-methyl-pyrido[3.4-d]pyrimid-4-one (1.0 eq.) 
and 4-fluoro-3-methyl-aniline (1.5 eq.) according to the procedure described for 
Exampl 61 . The erode product from the filtrate was chromatographed on silica using 
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4% methanol / 96% methylene chloride to afford the free has of the title product 
which was converted to the title product as described for Example 60 (41%; MP. 246- 
250 °C; LC-MS: 269 (MH+); anal. RP-HPLC: 3.79 min.). 

Example 70 

5 2>lodo^(6^nethvl^vrldor3,4*dlPvrimldln-4-vlamlnoVphenol hydrochloride 

6-Methyl-pyrido[3,4-d]pyrimld-4-one(161 mg t 1 .00 mmol) was added to polymer- 
supported triphenylphosphine (1.66 g of about 3 mmol P/g polymer; 5.0 mmol) along 
with CCI 4 (1.54 g, 10.0 mmol) in 1 ,2-dichloroethane (6 mL). The reaction mixture was 
heated to 60°C for 2 hours and then the resin was filtered and washed with 1,2- 

1 0 dichloroethane. The filtrate was collected in a flask containing 4-hydroxy-3-iodo-aniline 
(0.235 g, 1.00 mmol) and concentrated to 5 mL by evaporation. After 12 hours reflux 
under nitrogen followed by cooling to 20° C, the title product was collected by filtration 
(347 mg; 83%; MP. 261-265 °C; LC-MS: 379 (MH+); anal. RP-HPLC: 3.20 min.). 

Example 71 

15 f4-Bromo-3«fluoro-phenvlM6*methvl-pyrldor3.4-d1pyrlmldin>4-vn-amlne 
hydrochloride 

This product was prepared from 6-methyl-pyrido[3,4-d]pyrimid-4-one (1 eq.) and 

3- bromo-4-fluoro-aniline (1.0 eq.) and isolated according to the method employed for 
Example 70 (53%; MP. 251-254 °C; LC-MS: 333, 335 (MH+); anal. RP-HPLC: 4.07 

20 min.). 

Example 72 

4- (6.7-Olmethvl>2.3Kiihvdro-lndoM-vn-Pvridor3,4-dlPvrlmldlne hydrochloride 

To 4-chloro-pyrldo[3 i 4-dlpyrimidine (200 mg, 1 .21 mmol) in isopropanol (3 mL) 
was added 6,7-dimethylindoline (211 mg, 1.44 mmol) and pyridine (190 mg, 2.41 

25 mmol). The reaction mixture was heated to reflux under an atmosphere of dry nitrogen 
for 6 hours. Solvent was removed in vacuo and the residue was dissolved in CHCI 3 
and washed with saturated aqueous sodium carbonate. The organic phase was dried 
over sodium sulfate concentrated in vacuo, and flash chromatographed on silica In 
45% acetone/hexanes to afford 60 mg of the free base of the title product (LC-MS: 278 

30 (MH+). This material was dissolved in a minimum volume of 10% methanol in 
methylene chloride and 1 mole equivalent of HCI in ether was added dropwise with 
stirring. The reaction mixture was diluted with four volumes of ether and the 
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precipltated titl product was filtered and dried in vacuo (58 mg; MP. 248 C; GC-MS: 
277 (M+); anal. RP-HPLC: 4.06 mln.) 

Example 73 

(3-gthynvl.Dhenvn^vrldof3.4-dlPvriinldln-4-vM mlne hydrochloride 

5 To4-chloro-pyrido[3,4-d]pyrimldine(250mg , LSOmmoOlnN-methylpyrrolldin^- 

one (0.5 mL) was added 3-ethynylaniline (212 mg, 1.81 mmol) and pyridine (237 mg, 
3.0 mmol). The reaction mixture was heated to 80°C under an atmosphere of dry 
nitrogen for 3hours. The reaction mixture was dissolved in CHCI 3 and washed with 
saturated aqueous sodium carbonate, and brine. The organic phase was dried over 

10 sodium sulfate , concentrated In vacuo, and flash chromatographed on silica with a 
gradient of 40% to 70% acetone/hexanes to afford 120 mg of product. This product 
was dissolved in a minimal amount of CHCI 3 , titrated with 1 eq. HCI in ether, and 
dilution with ether. The resultant precipate was filtered and dried in vacuo to yield the 
yellow title product (133mg; M.P. 233-235°C; LC-MS: 247 (MH+); anal. RP-HPLC: 3.45 

15 min.). 

Example 74 

Benzorb1thlophen-5-vl-Dvrldor3.4-d1Pvrimldln-4-v l-amlne hydrochloride: 
To4-chloro-pyridol3,4-d]pyrimidine (250 mg, 1 .50 mmol) in N-methylpyrrolidin-2- 
one (0.5 mL) was added benzo[b]thlophen-5-yl-amine (270 mg, 1.81 mmol) and 
20 pyridine (237 mg, 3.0 mmol). The reaction mixture was heated to 80°C under an 
atmosphere of dry nitrogen for 3 hours. The reaction mixture was dissolved In CHCI 3 
and washed with saturated aqueous sodium carbonate and brine. The organic phase 
was dried over sodium sulfate , concentrated in vacuo, and flash chromatographed on 
silica in 40% acetone/hexanes to afford 180 mg of product. This product was dissolved 
25 in a minimal amount of CHCI,, titrated with 1 eq. HCI in ether, and dilution with ether. 
The resultant precipate was filtered and dried in vacuo to yield the yellow title product 
(188 mg; M.P. 280-282°C; LC-MS: 279 (MH+); anal. RP-HPLC: 3.63 min.). 

Example 75 

(3-Ethvnvl^ahenvn-f6-methvl-pyridof3.4-cnpv rimldln-4-vl>-amlne hydrochloride: 
30 This material was prepared from 4-chloro-6-methyl-pyrido[3,4-d]pyrimidine (1 .0 

eq.) and 3-ethynylaniline (1.1 eq.) as described for Example 74. After extraction 
chromatography of the residue n silica in 20% to 80% acetone/hexanes afforded 166 
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mg of the tltl product as Its free-bas which was converted to the title product (M.P. 
250-252 °C; LC-MS: 261 (MH+); anal.RP-HPLC: 3.69 min.). 

Example 76 
4-(6^loro-2.3^lhydro-lndoM-vn^me 

5 This material was produced from ^hloro-e-methyl-pyridop.A-dlpyrimidine (1 .0 

eq.) and 6-chloroindoline (1 .1 eq.) as described for Example 74. Preparative reversed- 
phase (C18) chromatography utilizing a gradient of 15% to 70% acetonitrile/pH4.5 t 50 
mM ammonium acetate followed by lyophilization of the appropriate fractions afforded 
the title product (30%) (M.P. 232-234°C; LC-MS: 297 (MH+); anal.RP-HPLC: 4.33 min.). 

10 Example 77 

M H-lndol-5-vlWf6-methvl-pyridor3,4-cnpvrimldln-4-vl^amlne methanesulfonate 

This material was produced from 4-chloro-6-methyl-pyridot3 > 4-d]pyrimldine (1 .0 
eq.) and 5-aminoindole (1 .1 eq.) as described for Example 74. Preparative reversed- 
phase (C18) chromatography utilizing a gradient of 15% to 70% acetontoi!e/pH4.5, 

15 50mM ammonium acetate followed by lyophilization of the appropriate fractions 
afforded free-base (30%) of the title product (M.P. 262-263°C; LC-MS: 276 (MH+); 
anal.RP-HPLC: 2.98 min.)* This material was converted to thte title product by 
dissolution in a mimimal amount of CHCI 3 followed by addition of 1 eq. of methane 
sulfonic acid. Dilution with ether precipitated the title product which was filtered and 

20 dried in vacuo (M.P. 317-318°C). 

Example 78 

(3-Ethvnvl-phenvlW(5-methylsulfanvl*7H-pvrrolor2,3-d1Pvrimldin-4-vl)-amln^ 
To 5-bromo4-chloro-7H-pyrroIo[2 f 3-d]pyrimidine (0.1 8 g f 0.77 mmol) in dry THF 
(2 ml), cooled in a dry ice-acetone bath, was added dropwise n-butyllithium (0.77 ml, 
25 1 .9 mmol, 2.5 M in hexanes). The mixture was stirred for 1 hour, then dimethyldisulfide 
(0.077 mL, 0.77 mmol) suspended in dry THF (1 ml) was added. The solution was 
stirred for 2.5 hours at -78°C and then diluted with aqueous NH 4 CI. The phases were 
separated and the water extracted 2 times with ethyl acetate. The combined organic 
phases were dried over Na 2 S0 4 , and concentrated in vacuo to afford 4-chloro-5- 
30 methylsulfanyl^H-pyrrolop.S-dlpyrimidine as an orange solid (150 mg). 

To 4-chloro-5-methylsulfanyl-7H-pyrrolo[2,3-d]pyrimidine (150 mg, 0.75 mmol) 
in dry methanol (2 ml) was added m-aminophenyl acetylene (110 mg, 0.90 mmol). The 
solution was heated in a sealed pressure tube at 125°C for 5.5 hours. Th reaction 
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nrilxtur was cooled to ambient temperature, filtered with a small amount of methanol 
and dried In vacuo to afford the titl compound as a tan powder (57 mg, 27%). TS- 
MS: 281 (MH + ); anal. RP18-HPLC RT: 4.74 min. 

Preparation 1 

5 Pvridor4.3-d1pyrimldone from 4-amlnonlcotinic acids 

6-MethyW-aminonlcotinic acid (420 mg, 2.74 mmol) and dry formamide were 
heated to 165°C for 6 hours under N 2 . The reaction mixture was cooled to room 
temperature and the formamide was removed in vacuo . The remaining residue was 
purified by reverse-phase HPLC (linear gradient 5-100% acetonKrile at pH 4.50, 50 mM 
10 ammonium acetate over 1 hour with a flow rate of 23.0 mU/min.) to afford the title 
product (50% ; RT= 1.48 min.; M + = 195). 

Preparation 2 
6-Methvl-pvridof3.4-cnpvrlmld-4one 
5-Amino-2-methyl-4pyridinecarboxylic acid was prepared according to Palt, K.; 
15 Celadnlk, M.; Dvorackova, D.; Kubala, E. f Cesk. Farm., 32(8), 275-278 (1983). This 
carboxylic acid was converted to the title product by heating in formamide at 165°C 
according to the procedure of Robins, R.; Hitchings, G.; J. Am. Chem. Soc. 77, 2256 
(1955). 
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CLAIMS 



1. 



A compound of the formula 




10 



15 



20 



25 



and stereoisomers, pharmaceutical^ acceptable salts and prodrugs thereof, 
wherein Y together with the carbons to which it is attached form a 5 or 6 membered, 
optionally unsaturated or aromatic ring wherein said ring is optionally substituted with 
(R s ) p and/or R 4 groups and comprises one to three heteroatoms selected from S, 0 and 
N with the proviso that at least one of said hetero atoms is N; 

Z is NR'R 2 wherein R 1 is H and R 2 is phenyl substituted by (R 5 ) m or Q or R'R'N 
is a group of the formula 



wherein the dotted line represents an optional double bond; 

each R 3 is attached to a carbon atom in Y and is independently selected from 

a. hydrogen, trifluoromethyl, halo, nitro, hydroxy, amino, cyano, (C,-C 4 )alkyl, 
(C,-C 4 )alkoxy, (C,-C 4 )alkoxycarbonyl, (C,-C 4 )alkanoyloxy, (C,-C 4 )alkanoylamino, 
carboxy, phenoxy, benzoyloxy, carbamoyl, mono-N- or dl-N-N-di-(C,-C 4 )alkylcarbamoyI, 
mono-N- or di-N.N^C^Jalkylamino, mono-N or di-N,N-(hydroxy(C 2 -C 4 )alkyl)amino, 
mono-Nordi-N,N-((C 1 -C 4 )alkoxy(C J -C 4 )aJkyl)amino,anilino,pyn , olidin-1-yl,piperidin-1-yl, 
morpholino, piperazin-1-yl, 4-(C,-C 4 )aIkylpiperazin-1-yl, pyridyl, pyrrolo, imidazole 
thiazolo, benzimidazolo, pyridonyl, (C,-C 4 )alkyHhio, phenylthio, or such groups 
substituted on (C 1 -C 4 )alkyl; 

b. hydroxy(C 2 -C 4 )aIkoxy(C,-C 4 )alkyl, (C^^Jalkoxy-tCj-C.Jalkoxy-tC^Jalkyl, 
hydroxy(C,-C 4 )alkylthio(C,-C 4 )alkyl. (C,-C 4 )alkoxy(C,-C 4 )alkylthio(C,-C 4 )alkyl, 
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hydroxyamino, benzoylamino, mono-N or di- N.N-^-CJalkylcarbamoylmethylamino, 
carbamoylm thylamino, (C,-C 4 )alkoxycarbonylamino, (C,-C 4 )alkanoylamino, 
carboxymethylamino, (C^Jalkoxycarbonylmethylamlno, (C,-C 4 )alkoxyamino, (C 2 - 
C 4 )alkanoyloxyamino, phenyl(C,-C 4 )alkylamlno, (C,-C 4 )alkylsulphonylamino, 
5 benzenesulphonamido, 3-phenylureido, 2-oxopyrrolidin-1-yl, 2,5-dioxopyrrolidin-1-yl, 
ureido,(C,-C 4 )alko)<y(C 1 -C 4 )alkylcarbonylamino,(C 1 -C 4 )all^sulfinyl,(C 1 ^ 
(C,-C 4 )eJkoxy(C 2 -C 4 )alkytthio, mono-, di- or trffluoromethyloxy, (C,-C 4 )alky1enedioxy, 
benzyloxy, guanidino, aminocarbonyl, mono-N- or di-N,N-(C,-C 4 )alkylamlnocarbonyl, 
phenyl(C,-C 4 )alkoxy, carboxymethoxy, (C,-C 4 )alkoxycarbonylmethoxy, 
1 0 carbamoylmethoxy, mono-N or di-N,N-(C,-C 4 )aIkyl carbamoylmethoxy, mono-N- or di- 
N,N-(hydroxy(C 2 -C 4 )alkyl)carboxamido, mono-N- or di-N,N-((C,-C 4 )alkoxy (C 2 - 
C 4 )alkyl)carboxamido or bis((C,-C 4 )alkanesulfonyl)amido; or c. (C 2 -C 4 )a!koxy, (C 2 - 
C 4 )alkylthio, (C 2 -C 4 )alkanoyloxy, (C 2 -C 4 )alkylamino, (C^CJalkyKCt-CJalkylenedioxy, 
(C 2 -C 4 )alkanoylamino, (Cj-CJalkenyl, or (C 2 -C 4 )alkynyl; each such group substituted 
1 5 with amino, halo, hydroxy, (C 2 -C 4 )alkanoyloxy, (C,-C 4 )alkoxy, mono-N- or di-N.N-tC,- 
C 4 )alkylamino, mono-N or di-N,N-(hydroxy(C 2 -C 4 )alkyl)amino, mono-N or di-N,N-((C,- 
C 4 )aIkoxy(Cj-C 4 )aIkyl)amino, (C,-C 4 )alkanoylamino, phenoxy, anilino, imidazol-1-yl, 
phenyithio, piperidino, pyridyl, carboxy(C,-C 4 )alkylthlo(C,-C 4 )aJkoxy, morpholino, 
piperazin-1 -y\-,4-(C, -C 4 )alkylpiperazin-1 -yl-, carboxy, (C, -C 4 )a!koxycarbonyl , carbamoyl, 
20 mono-N- or di-N.N-^-CJalkylcarbamoyl, carboxamido, mono-N- or di-N,N-(C,- 
C 4 )alkylcaiboxamido or mono-N- or di-N,N-(hydroxy(C 2 -C 4 )alkyl)carboxamido; and any 
phenyl in an R 3 substituent is optionally mono- or di- substituted with halo, nltro, 
trifluoromethyl, hydroxy, (C,-C 4 )alkoxy, (C,-C 4 )alkyl, amino, mono-N-alkylamlno, or N.N- 
dialkylamino; 

25 R* is attached to a N-atom in Y and is independently selected from: 

hydrogen, (C,-C 4 )alkyl, (C,-C 4 )alkoxycarbonyl, (C,-C 4 )alkanoyl, (C,-C 4 )alkylsulfonyl, 
arylsuHonyl, allyl; or a (C 2 -C 4 )alkyl, (C 2 -C 4 )aIkanoyt, or (C 2 -C 4 )alkoxycarbonyl, (C r 
C 4 )alkylsulfonyl, each such group substituted with amino, halo, hydroxy, (C 2 - 
C 4 )alkanoyloxy, (C,-C 4 )alkoxy,mono-N-ordi-N,N-(C,-C 4 )alkyiamino,mono-Nordi-N,N- 

30 (hydroxy(C 2 -C 4 )aikyl)amino. mono-N or di-N,N-((C,-C 4 )alkoxy(C 2 -C 4 )alkyl)amino, (C,- 
C 4 )alkanoylamino, phenoxy, anilino, imidazol-1-yl. phenyithio, piperidino, morpholino, 
pip razin-1-yl-, A-tC.-CJalkylpiperazin-l-yl-, phenyl, pyridyl, pyrrolo, imidazolo.thiazolo. 
b nzimidazolo. pyridonyl. carboxy, (C 1 -C 4 )alkoxycarbonyl 1 carbamoyl, mono-N- or di- 



WO 96/40142 



PCT/US95/07881 



-62- 

N.N^Cj-CJalkylcarbamoyl, carboxamido, mono-N- r di-N,N-(C r C 4 )aIkylcaitoxamido 
or mono-N- or di-N,N-(hydroxy(C 2 -C 4 )alkyl)carboxamido; and any phenyl in an R 4 
substituent is optionally mono- or di- substituted with halo, nltro, trifluoromethyl, 
hydroxy, (C r C 4 )alkoxy, (C t -C 4 )alkyl, amino, mono-N-alkylamino, or N,N-dialkylamino; 

5 but specifically R 4 is not furanosyl, pyranosyl, or cyclopentyl; 

each R 5 is independently selected from mono-, di- or tri-fluoromethyl, halo, nftro, 
hydroxy, amino, azido, isothiocyano, (C r C 4 )aIkyl ( phenyl, thienyl, (C r C 4 )alkoxy, 
benzyloxy, phenoxy, (C 2 -C 6 )alkenyl, (C 2 -C a )alkynyl, (C^-CJalkylenedioxy, cyano, 
benzoylamino, trifluoromethylcarbonylamino, (C,-C 4 )aIkanoylamino ( (C r C 4 )alkanoyI, N- 

10 mono- or N, N-di-(C 1 -C 4 )alkylamino, (C 1 -C 4 )alkylsulfonylamino, 
trifluoromethyisuHonylamino, (0,-CJaIkylthio, (0,-CJalkylsulfinylor (C,-C 4 )aIkylsulfonyl t 
pyrrol-1-yl, piperidin-1-yl or pyrrolidin-1-yl, said phenyl, benzyloxy, phenoxy and 
benzoylamino optionally mono-substituted with halo, nitro, trifluoromethyl, hydroxy or 
(C 1 -C 4 )alkyl and said (C,-C 4 )alkylenedioxy is linked at both ends to adjacent carbons 

15 on the benzene moiety; 

each R e is independently selected from hydroxy, amino, N-mono- or N,N-di-(C r 
C 4 )alkylamino, sulfo, or (C r C 4 )alkoxy (provided that such groups are not attached to 
a ring carbon which is directly adjacent to the ring N-), or R 6 for each occurrence is 
independently carboxy, hydroxy^-CJalkyl, (Cj-CJalkoxy^-CJalkyl, amino(C r 

20 C 4 )alkyl, mono-N- or di-N.N-^-CJdkylaminofC^Jalkyl, morpholino (Cj-CJalkyl, 4- 
(C r C 4 )alkyl-piperazin-1-yl(C l -C 4 )alkyl, carboxy(C 1 -C 4 )alkyl l (C^C^alkoxycarbonyl, 
sulto^ -CJalkyl, pyridyKCj-CJalkyl or (0,-CJaJkyt; 
m is an integer from 1 to 3; 
n is 0, 1 or 2; 

25 p is 0 or an integer from 1-3; 

with the proviso that when Y, in the direction shown by the arrow in formula I, 
is -CR 3 =N-CR 3 =CR 3 -, p « 0, m = 1 and Z is substituted phenyl then R 5 is not 4- 
ethoxy, 4-methoxy, 4-trlfluoromethoxy, 4-t-butyt or 4-isopropyl; 

Q is a 9- or 10-membered bicyclic heteroaryl cyclic moiety, or a hydrogenated 

30 derivative thereof, containing one or two nitrogen heteroatoms and optionally containing 
a further heteroatom selected from nitrogen, oxygen and sulphur, or Q is a 9- or 10- 
membered bicyclic aryl moiety, or a hydrogenated derivative th reof , which heterocyclic 
or aryl moiety, r hydrogenated derivatives thereof, may optionally bear one or two 
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substituents selected from halogeno, hydroxy, oxo, amino, nitro. carbamoyl, (C,- 
C 4 )aity,(C,-C 4 )alkoxy,(C,^ 4 )alkyl^^ 

(C 2 -C 4 )aikenyl and (C 2 -C 4 )alkynyl with the proviso that when Y, in the direction shown 
by the arrow In formula I, Is -NR'-CR^CR 3 -, R 3 = CH 3 and R 4 =H, then R 5 is not 4-CH„ 
5 3,5-(CH 3 ) 2 , 2,6-(CH 3 ) 2 , 2-C 2 H 5 , 4-0^, 4^-C 4 H 9 . 2-CI, 4-CI, 3,4-CI 2 , 2-F, or 3-CF,. 

2. The compound of claim 1 wherein Y. in the direction shown by the arrow 
in formula I. is selected from -N=CR 3 -NR\ -CR 3 =CR 3 -NR\ -NR 4 -CR 5 =CR 3 -. -N=N- 
NR 4 -, -NR 4 -N=N-, -CR 3 =N-NR 4 -, NR 4 -N=CR 3 , -CR 3 =N-CR 3 =CR 3 - and 
-CR 3 =CR 3 -N=CR 3 -. 

10 3. The compound of claim 2 wherein Y in the direction shown by the arrow 

in formula I, is selected from -CR 3 =CR 3 -NR\ -NR 4 -CR 3 =CR 3 - and -CH=CR 3 -N=CH-. 

4. The compound of claim 3 wherein each R 3 is independently selected 
from hydrogen, hydroxy, (C,-C 4 )alkoxy, hydroxy(C 2 -C 4 )alkoxy, amino(C 2 -C 4 )alkyl, 
amlno(C 2 -C 4 )alkoxy, (C,-C 4 )alkoxy(C 2 -C 4 )alkoxy, hydroxy(C,- 

15 C 4 )alkyl(C,-C 4 )alkylenedioxy, (C,-C 4 )alkoxy(C r C 4 )aJkyl(C,-C 4 )alkylenedioxy, mono-N- 
or di-N,N-(C,-C 4 )alkylamino(C 2 -C 4 )alkoxy, 3- or 4-(C,-C 4 )alkoxy-(2-hydroxy> 
(C 3 -C 4 )alkoxy, carboxy(C,-C 4 )aikoxy, morpholino(C 2 -C 4 )alkoxy, imidazol-1-yl(C 2 - 
C 4 )alkoxy, 4(C 1 -C 4 )alkylplperazin-1 -yl-(C 2 -C 4 )alkoxy, (C,-C 4 )alkoxy(C,-C 4 )alkanoyloxy, 
nKro, hydroxylamino, amino, phenyl, pyridyl, pyrrolo, imidazolo, thiazolo, benzimidazolo, 

20 pyridonyl, mono-N- or di-N.N-fo-CJalkylamino, (C,-C 4 )alkanoylamino, hydroxy(C 2 - 
C 4 )alkylamino, (C r C 4 )alkoxy(C 2 -C 4 )alkylamlno, (C,-C 4 )alkylsulfonamido, morpholino, 
(C,-C 4 )alkyi-piperazin-1 -yi, bis(C,-C 4 )alkanesulfonamido, di-N.N-^-CJalkylaminofCj- 
C 4 )alkylamino, (C r C 4 )alkylamino(C 2 -C 4 )alkylamino, piperidin-1-yl, imidazol-1 -yl, 
pyrrolidin-1-yl,(C 1 -C 4 )alkoxy(C l -C 4 )alkylcarbonylamino,carboxy,(C,-C 4 )alkoxycarbony1, 

25 (C,-C 4 )alkoxycarbonyl(C,-C 4 )alkoxy, amido, mono-N- or di-N.N- 
(C r C 4 )alkylaminocarbonyi, mono-N- or di-N,N-(hydroxy(C 2 -C 4 )alkyi)amlnocarbonyl, 
(C,-C 4 )alkyl, hydroxy(C,-C 4 )alkyl, mono-N- or di-N,N-((C,-C 4 )alkoxy(C,- 
C 4 )alkyl)amino(C,-C 4 )alkyl, mono-N- or di-N,N-(C,-C 4 )alkylamino(C 1 -C 4 )alkyl, 
(C,-C 4 )alkanoylamino(C,-C 4 )alkyl. (C,-C 4 )alkoxy(C 2 -C 4 )alkoxy(C,-C 4 )alkyl, (C,- 

30 CJalkylthio, (C,-C 4 )alkoxy(C 2 -C 4 )alkylthio or hydroxy(C 2 -C 4 )alkylthio; and R 4 is selected 
from hydrogen, benzyl, phenyl, a (C 2 -C 4 )alkyl, hydroxy(C 2 -C 4 )alkyl, or hydroxy(C 2 - 
CJalkyl, amino(C 2 -C 6 )alkyl, (C 2 -C 4 )alkoxycarbonyl each such group substituted with 
amino, halo, hydroxy. (C 2 -C 4 )alkanoyloxy, (C,-C 4 )alkoxy. mono-N- or di-N,N-(C,- 
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C 4 )alkylamino, m no-N or di-N,N-(hydroxy(C 2 -C 4 )alkyt)amino,mono-N or di-N,N-((C,- 
C 4 )alkoxy(C 2 -C 4 )alkyl)amino, sulfonylaryl(C,-C 4 )alkylamine, (C,-C 4 )alkanoylamino, 
imidazol-1-yl, piperidino, morpholino, piperazin-1-yl-, 4-(C,-C 4 )alkylpiperazln-1-yl-, 
pyridyl, pyrrolo, imidazolo, thiazolo, pyridonyl, carboxy, (C^CJalkoxycarbonyl, 
5 carbamoyl, mono-N-ordi-N,N-(C,-C 4 )alkylcarbamoyl ) carboxamido, mono-N- or di-N,N- 
(C r C 4 )alkylcarboxamldo or mono-N- or di-N,N-(hydroxy(Cj-C 4 )alkyl)carboxamido. 

5. The compound of claim 4 wherein Y, In the direction shown by the arrow 
in formula I, Is selected from -NR 4 -CR 3 =CR 3 -, -CH=CR 3 -N=CH- and -CR 3 =CR 3 -NRV 



6. The compound of claim 5 wherein Y, in the direction shown by the arrow 



and R 6 , R 6 , m and n are as defined above. 

8. The compound of claim 7 wherein each R 5 is independently selected 
20 from 4-hydroxy, 4-amIno, 6-fiuoro, 5-hydroxy, 6-amlno, 6-halo, 6-methyl, 6-ethenyl, 6- 

«thynyl. 6-nKro and 7-methyl and each R a is Independently selected from hydroxy, 
amino, N-mono-or N,N-di-(C,-C 4 )alkylamino, sulfo, or (C,-C 4 )alkoxy (provided that such 
groups are not attached to a ring carbon which is directly adjacent to the ring N-), or 
^for each occurrence is independently carboxy, hydroxy(C,-C 4 )alkyl, (C,-C 4 )alkoxy(C,- 
25 CJalkyl, amino (C,-C 4 )alkyl, mono-N- or di-N,N-(C,-C 4 )alkylamino(C,-C 4 )alkyl, 
morpholino (C,-C 4 )alkyi, 4-(CrC 4 )alkyl-piperazln-1-yl(C,-C 4 )alkyl, carboxy(C r C 4 )alkyl, 
(C,-C 4 )alkoxycarbonyl, sulfo(C,-C 4 )alkyl, pyridyl(C,-C 4 )alkyl and (C,-C 4 )alkyl. 

9. The compound of claim 2 wherein R 1 is H and R } Is (R 5 ) m -substituted 
phenyl wherein R 5 and m are as defined above. 

30 10. The compound of claim 9 wherein each R 5 is Independently selected 

from 4-fluoro-3-chloro, 3-trifluoromethyl, 4-fluoro-3-trifIuoromethyl, 3-nltro-4-chloro, 3- 




/ 
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nitr. -4-fluoro, 4-fluoro-3-bromo, 3-iodo-5-amino, 3-methyl-4-fluoro, 4-amino, 3-fluoro, 3- 
hydroxy, 3-amino, 3-haIo, 3-methyl, 3-ethenyl, 3-ethynyl ( 3-nltro and 4-methyl. 
"11. The compound of claim 2 wherein R 1 Is H and R 2 is Q. 

12. The compound of claim 11 wherein Q is selected from pyrrolo 1,2,3,5- 
5 tetrahydro-pyrrolota.S-fJindole,^ 

yl, 1H-indazol-4-yl, 1H-indazol-5-yl, IH-indazoi-6-yl, IH-indazol-7-yl, 1H-benzotrizol-4-yt, 
1H-benzotrizol-5-yl, 1H-benzotrizol-6-yl, 5- or 6-benzoxazolyl, 5- or 6-benzothiazolyl, 
benzo[c] 12,1 ,3]thiadiazol-4-yl l 2-, 3-, 4- f 5-, 6-, 7- or 8-quinolyl, 1-, 3-, 4-, 5-, 6-, 7- or 8- 
Isoquinolyl, 4-, 5-, 6-, 7- or 8-cinnolinyl, 5-, 6-, 7- or 8-quInazoIinyI, or 2- ( 5-, or 6- 
10 quinoxalinyl, which may optionally bear one or two substituents selected from fluoro, 
bromo, chloro, methyl, ethyl, ethenyl, ethynyl and methoxy. 

13. The compound of claim 12 wherein Q is selected from pyrrolo 5-indolyl, 
1 H-indazol-5-yl, 1 H-benzotriazol-5-yl, 6-benzothiazolyl, benzo[c] [2,1 .SJthiadiazoM-yl, 5- 
quinolyl, 6-quinolyl, 8-quinolyl, 5-isoquinoIyl, or 5-quinoxaIinyl, which may optionally 

1 5 bear one or two substituents selected from fluoro, bromo, chloro,methyl, ethyl, ethenyl, 
ethynyl and methoxy. 

14. The compound of claim 1 selected from the group consisting of 
(3-ethynyl-phenyI)-(7H-pyrrolo[2 f 3-d]pyrimidin-4-yl)-amine hydrochloride; 
(3-chloro-phenyl)-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-amine hydrochloride; 

20 4-(6-chloro-2,3-<Jihydro-indol-1 -yl)-7H-pyrrolo[2 f 3-d]pyrimidine hydrochloride; 

(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-m-tolyI-amine hydrochloride; 

(1 H-lndol-5-yl)-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-amine hydrochloride; 

(6-methylindolin-1 -yl)-(7H-pyrrolo p.S-dlpyrimidin^-yO-amine; 

(benzo[b]thien-5-yl)-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-amlne; 
25 (6-chloro-5-fluorolndoIin-1-yl)-(7H-pyrro!o[2,3-d]pyrimidin-4-yl)-amine; 

(1H-indazol-5-yl)-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-amine; 

1-(4-m-tolylamino-pyrrolo[2,3-d]pyrimidin-7-yl)-ethanone hydrochloride; 

(5-iodo-7H-pyrrolo[2,3-d]pyrimidin-4-yl)-m-tolyI-amine; 

(3-chloro-phenyl)-(1 H-[1 ,2,3]triazolol4,5-d]pyrimidin-7-yl)-amine hydrochloride; 
30 (3-chloro-phenyl)-pyrido[4,3-d]pyrimidin-4-yl-amine hydrochloride; 

(1 H-indol-S-ylJ-pyrido^.S-dlpyrimidin^-yl-amine hydrochloride; 

(3-ethynylphenyl)-(7-methyI-pyridol4 f 3-d]pyrimidin.4-yl)-amin 

hydrochloride; 
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- (3-chloro-phenyl)-(7-methyl-pyrido[4,3-dlpyrimldin-4-yl)-amine 
hydrochloride; 

(3-ethynyl-phenyl)-(pyrido[4,3-d]pyrimidin-4-yl)-amine hydrochloride; 
(6*romo-5-fluoroindolin-1-yl)-(pyrido[4,3-d]pyrimidin-4-yl)-arnine; 
5 (6-chloro-5-fluoroindolin-1 -yl)-(pyrido[4,3-dlpyrimidin-4-yl)-amine; 

(1H-lndazol-5-yl)-(pyrido[4,3-dlpyrimidin-4-yl)-amine; 

(benzo[b]thien-5-yl)-(pyrido[4,3-dlpyrimidin-4-yl)-arnine; 

(3-methyl-4-hydroxyphenyl)(6-methytpyri^ 

(6-lodoindolin-1-yl)-(pyridoI4,3-d]pyrimIdin-4-yl)-amine; 
1 0 (betuo[blthien-5-yl)-(pyrido[4,3-d]pyrimidin-4-yl)-arnine; 

(3-ethynyl-phenyl)-(9H-purin-6-yl)-amine; 

(1 H-indol-5-yl)-(9H-purin-6-yl)-amIne hydrochloride; 

(3-chloro-phenyl)-(9H-purin-6-yl)-amIne hydrochloride; 

4-(6-chloro-2,3-dlhydro-indol-1-yl)-pyrido[3,4-d]pyrimidine; 
1 5 (pyrido[3,4-dlpyrimldin-4-yl)-(m-tolyl)-amine; 

(lH-Indazol-5-yl)-(pyrido[3,4-dlpyrimidin-4-yl)-amine; 

(1H-lndol-5-yl)-(pyridoI3,4-dlpyrimldin-4-yl)-amine; 

(phenyl)-{pyrido[2,3-cllpyrimldln-4-yl)-airilne; 

(3-c^loro-phenyl)-(pyrido[2,3-d]pyrimidin-4-yl)-arnlne; 
20 (3-chIoro-phenyl)-(pyrido[3,4-d]pyrimldin-4-yl)-arnine; 

(S-bromo-phenylJ-tpyridoIS^lpyrirnldin-^yO-amlne; 

(phenyl)-(pyrido[3,4-dlpyrimldin-4-yl)-amlne; 

4-(6-chloro-2,3-dlhydro-lndol-1-yl)-pyrido[3,4-d]pyrimldine; 

(pyrido[3,4-dlpyrimldln-4-yl)-(m-tolyl)-amlne; 
25 (1 H-lndazo!-5-yl)-pyrido[3,4-d]pyrimldin-4-yl-amlne; 

(1H-lndol-5-yl)-pyrido[3,4-d]pyrimIdln-4-yl-amlne; 

phenyl-pyrido[2,3-d]pyrimldin-4-yl-amine; 

(3-chloro-phenyl-pyrido[2,3-d]pyrimldin-4-yl-amlne; 

(3-chloro-phenyl-pyridoI3,4-dlpyrimldin-4-yl-amine; 
30 (3-bromo-phenyl-pyrido[3,4-d]pyrimidin-4-yl-amlne; 

phenyl-pyrido[3,4-d]pyrimidin-4-yl-amtne; 

(7-benzenesulfonyl-7H-pyrrolo[2,3Kl]pyrimidin-4-yl)-(3-ethynyl-phenyl)-amine; 
4-(6-chloro-2.3-dihydro-lndol-1-yl)-5H-pyrr lo[3,2-d]pyrimidin-6- I; 
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(3-ethynyl-phenyl)-[7-(2-m^ 

amine; 

(3^thynyl-phenyl)-[7-(2-meth^ 
(3^ynyH>henylH7-[2-(2-metho^ 
5 yl}-amine; 

(7^llyl-pyrrolo[2,3<i]pyri hydrochloride; 
(3^thynyl-phenyl)-(7^ethyl-pyro^ hydrochloride; 
(5*romo-7H-pyrrolo[2,3^]pyrimidin^ 
(3^thynyl-phenyl)-(5-iodo-7H-pyirolol2,3<l]pyrimidin^-yl)-^ine; 
1 0 4-(3^thynyliDhenylamino)-7H-pyro^ acid; 

(3^ynyti>henyl)-(5HTi^ hydrochloride; 

N-tS-iodo^H-pyrTolop.S-dlpyrimidin^ylJ-NHTi-tolyl-acetamide; 
4-(3^thyny1-phenylamino)-7H^yTO^ acid methyl 

1 5 ester hydrochloride; 

(1 H-indacol-S-ylJ-te-methyl-pyridoIS^lpyrimidin-^-yO-amine hydrochloride; 
tenzo[b]thiophen^yK6<Tiefo^^ hydrochloride; 
(3^thynyl^fluoro-phenyl)-(6^ 

a^ethyl^te-methyl-pyridop^lpyrimidin-^ylaminoj-phenol dihydrochloride; 
20 4-(4-bromo-7^ethyl-2 l 3^ihydro-lndol-1-yl)-6-methyl-pyrido[3 l 4-d]pyrimW 
hydrochloride; 

4-(6-bromo-7-methyl-2 i 3-dihydro-indol-1-yl)-6-methyl-pyrido[3 l 4-d]pyrimidine 
hydrochloride; 

^(e-bromo-S-fluoro^.S-dihydro-indol-l-yO-S-methyl-pyridoia^-dlpyrimidine 

25 hydrochloride; 

(S-chloro-A-fluoro-phenyO-te-methyl-pyridolS^-dlpyrimidin-A-yO-amine 

hydrochloride; 

(e-methyl-pyridolS.A-dlpyrimidin-A-yO-tS-trifluoromethyl-phenyO-amine 
hydrochloride; 

30 (A-fluoro-S-methyl-phenyO-Ce-methyl-pyridoIS.A-dlpyrimidin-A-yO-amine 
hydrochloride; 

2-iodo-4-(6-methyl-pyrido[3,4-d]pyrimidin-4-ytamino)-phenol hydrochloride; 
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- (4-bromo-3-fluoro-phenyl)-(6-methyl^ 
hydrochloride; 

4-(67Kiimethyl-2,3-dihydro-indol-1 -yl)-pyrido[3,4-d]pyrimidine hydrochloride; 
(3-ethynyl-phenyl)-pyrido[3,4Kl]pyrimidin-4-yl-amine hydrochloride; 
5 ben2o[b]thiopherv^yl^yrido[3,4<l]pyrimidin^yl-arnine hydrochloride; 

(3-ethynyl-phenyl)-(6-m^ hydrochloride; 
4-(6-chloro-2 t 3-dihydro-lndoH -yl)-6-methyl-pyrido [3,4-d]pyrimidine; 
(3^thynyl-phenyl)-(5^e%te 
(3-ethynyI-phenylaminoH7H^yro^ 

10 and 

(1 H-lndol-S-ylJ-te-methyl-pyridop^-dlpyrimidin-^ylJ-amine rnethanesutfonate. 
1 5, The compound according to claim 14 selected from the group consisting 

of 

(1H-indol-5-yi)-(6-methyli)yrido[3 t 4<l]pyrimidin-^yl)-amine; 
1 5 (S^ynyl-phenylJ^SHTiethyl-pyridoIS^lpyrimldin^ylJ^ine^ 
(3-ethynyl-phenyl)-(7H-pynx>lofr 
(S-chloro-phenyl^H-pyrrolop^lpyrimidin^ylJ-amfne; 
(3^thynyl-phenyl)-(5-methyI-7H-p^^ amine; 
4-(3^thynyliDhenylamino)-7Hi5y^^ acid methyl 

20 ester; 

4-(3-ethynyl-phenylamino)-7^ 
(1H-lndol-5-yl)-pyrido[3 f 4-d]pyrimidin-4-yl-amine; 
(3-chloro-4-fluoro-phenylM6-me%^^ amine; 
benzolblthiophen-S-yl-te-methyl-pyridop^lpyrimidin^yO-amine; 
25 (3-ethynyl-phenyl)-pyrido[3,4-d]pyrimldin-4-yl-amine; 

(4-fluoro-3-methyl-phenyl)-(6-methyl-pyrido[3 l 4-d]pyrimidln-4-yl)- amine 
hydrochloride; 

4-(6-chloro-2 f 3-dihydro-indol-1-yl)-pyrido[3 ( 4-d]pyrimidine; 
pyridop^lpyrimidin^yl-m-tolyi-amine; 
30 (6-methyl-pyrido[3 f 4-d]pyrimidin-4-yl)-(3-trifluoromethyl-phenyl)- amine 

hydrochloride; 

(1H-indazol-5-yl)-(6-methyl^ 
(3-ethynyli>henylM5-methylsutf^^ 
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- (1H-indol-6-yl)-(7H-pyrrolol2,3-d3pyrimidin-4-yl)-amine; ■ 
(5-bromo-7H-pyiTolo[2,3^]pyrimidin-4-y!)-(3^thynyl-phenyl)-amine; and 
(3^thynyl-phenylamino)-(7H-pyrrolo[2,3-d]pyrimidin-5-yl-carbonltrile. 

16. A compound of the fonnula 



5 



0 



vV 




NH 



II 



10 



wherein W, in the direction indicated by the arrows, is selected from -CH 2 =C(CH 3 )- 
N=CH 2 -, -CH 2 =N-C(CH 3 )=CH 2 - and =C(CH 3 )-NH-CH=. 

17. The compound of claim 16 wherein W is -CH 2 =C(CH 3 )-N=CH 2 -. 
15 18. The compound of claim 16 wherein W is -CH 2 =N-C(CH 3 )=CH 2 -. 

19. The compound of claim 16 wherein W is =C(CH 3 )-NH-CH=. 

20. A method of treating hyperproliferative disorders which comprises 
administering to a mammal in need of such treatment a hyperproliferative disorder 
treating amount of a compound of claim 1 . 

20 21 . A method as recited in claim 20 wherein the hyperproliferative disease is 



22. A method as recited in claim 21 wherein the disease is brain, lung, 
squamous cell, bladder, gastric, pancreatic, hepatic, renal, colorectal, breast, head, 
prostate, neck, oesophageal, gynecological or thyroid cancer. 
25 23. A method as recited in claim 20 wherein the hyperproliferative disorder is 

noncancerous. 

24. A method as recited In claim 23 wherein the noncancerous 
hyperproliferative disorder is psoriasis or benign prostatic hyperplasia. 

25. A pharmaceutical composition for the treatment of hyperproliferative 
30 disorder in a mammal which comprises a hyperproliferative disease treating amount of 

a compound of daim 1 and a pharmaceutically acceptable carrier. 



cancer. 
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Box I Observations where certain claims were f and unsearchable (Continuation f item 1 f first sheet) 



This mtemalionai report has not been established in respect of certain claims under Article 17(2X*) for the following reasons: 
I. I""" | Claims Nos.: 

1—1 because they relate to subject matter not required to be searched by this Authority, namely: 



f - j Claims Nos.: 

' — ' because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



3. Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of InTcntion b lacking (Continuation of stem 2 of first sheet) 



Thit International Searching Authority found multiple inventions in this international application, aa follows: 
Please See Extra Sheet. 



[ | As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 



2. Q Aa all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 



4. | x| No required additions 1 search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 
M0.14-16.20-25(part) and 19 



Remark n Protest Q The additional search foes were accompanied by the applicant's protest. 

| | No protest accompanied the payment of additional search fees. 



Form PCT/IS A/210 (continuation of first sheet(l))(Juty 1992)* 



INTERNATIONAL SEARCH REPORT 



International application No. 



# 




[S95/07881 



BOX D. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple taventions as follows: 

I. Claims l-lO,U46 t 20-25(part),t9 l drawn to pyrrolo[2,3^]pyriinidines, wherein Z containing phenyl or indolyl, no 
other heterocyclic, intermediates, composition and method of use, classified in 544/280; 514/258; 
D. claims 1-2,9,10, 14, 20-25 (part), drawn to [l,2^]triaxolo[4,5^pyrimidines, wherein Z containing phenyl or indolyl, 
no other heterocyclic, composition and method of use, classified in 544/254; 514/258; 

m. Claims l-10,14-16,20-25(part), 17,18, drawn to pyrido[43^yrimidines, wherein Z containing phenyl or indolyl, 
no other heterocyclic, intermediates, composition and method of use, classified in 544/279; 514/258; 

IV. Claims 1-2,9,10,1 4 ,20-25(part), drawn to purines, wherein Z containing phenyl or indolyl, no other heterocyclic, 
composition and method of use, classified in 544/264+; 514/261 + ; 

V. Claims 1-15, 20-25(pait), drawn to compounds other than above, composition and method of use, classified in 
various subclasses in classes 544, 514; 

The inventions listed as Groups I-V do not meet the requirements for Unity of Invention for the following reasons: 
Pyrrolo[2,3-dlpyrimidines differ significantly in structure from (l^^]triazoto[4>d]pynmidines, pyrido{4 r 3- 
d]pyrimidines, purines, and the above mentioned compounds further substituted with heterocyclic^). They are 
differently classified. One of ordinary skill in the art would not consider those diverse structures as functional 
equivalents. Ait which may anticipate or render obvious one of the groups would not necessarily do the same for the 
remaining groups. Therefore, Groups as outlined above do not share the same technical features. PCT Rule 13.2 and 



13.3. 
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